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Stratigraphy and glacial-marine sediments of the
Amerasian Basin, central Arctic Ocean

DAVID L. C'LARK
RICK R. WHITMAN*
KIRK A. MORG.AN*
SCUDDER D. MACKEY*
Department of 'Geo/oi,'i afl(/ (iop/tr-sic. I tui'erri' of H iscsil Afil&dO. 14 twoptsin 537016

ABSTRACT support the hypothesis that the rewor-king of central Arctic Basin
glacial-marine sediment by bottom currents had an% major effect

I hirteen correlatable lithostratigraphic units are recognized in on silt-clay distributions.
cores recovered from the central Arctic Ocean. The stratigraphic A mode was observed in the fine toi coarse claN particles in most
units range in age from late Miocene to Holocene and can be central Arctic Basin glacial-marine sediments. A similar mode %kas
correlated over several hundred thousand square kilo)metre%..(Cores observed for Fast Pacific Ocean pelagic clay sarnple% A fine miode
were taken from ice-island 1-3 during its 1963 to 197-3drift in water in both types of sediment suggests that deposition iof clav and fine
depths ranging from 1,069 ti) 3.820 m. The 13 stratigraphic units. silt of pelagic or glacial origin occurs uniformly in the decep-sea
designated A tio M. include silty and arenaceous lutites and environments that were sampled.
carbonate-rich. pink-u bite layers. Three arenaceous lutites are [Ihe geographic distributiiin of central Arctic Basin glacial-
impiirtant marker beds in the lower part of the section IA to H), and marine sediment types suggests that depiisitiirt of ice-raf ted coat se
pink-%% bite layers, are distinctise units in the upper section (I to M). sedinment dominates sedfimentatiiin in the Alpha (lidillera regioin

Ages for the units can be calculated by the use of paleomagnetic In ahssal plain ens ironments, deposition of ice-raifted debt is also
res ersal signatures and by extrapolation of sedimentation rates occurs but is part ialf masked b'N it iridire deposition
based on these figures. kInI Is I tio M base calculated sedimentation I he four IN pes of glacial-miarine sedliment occur in units A' toi M
rates that aserage 1.14 mm I10)1 yr. wkhereas the sedimentation and support the h. piihesis that ice-rafting has been an impitant
rates of the older unitsIA to Hf aserage 0.5mm 1.001 r. Pebbles, mechanism in conti;ring sediment to the Alpha (idillcia since
prohahl% ice-rafted. occur throughout the units. Extrapolation (if the late Miocene. It diin h tairpi itiuinifthese
he sedimentation rate front the (6ilbert Piilarity Interval 5 reversal sediments supports the t hcor\ that arenaceilus ltnies represent
indicates thalt the oldest erratic in undisturbed sediment may h ave period, oft increzised ice-raft itg. wshile ,ill\ lutires teptesent periods
heen deposited 5.26 m.\.. ago. In general, the arenaceotis lutites and of deccased ice-raftittg Certitil Arctic Basin ;in( tion-Aretic
pittk-%%hit lasers represent the highest sedimentatiotirtle and are tmarginal sea glaciil-ntarirte seditnrits, exhibit similar sili-kla\
inltrpreted to basec been depitsited during times iil increase(] glacial histogram rspcs.
ice-rafting Stlt% lutites, inta alsobe principally ice-raftied sedi ment. Six inrersals of increased Pleistocenec glacial ice aftitig ate

hutl the~ arheelisi to represent periods of reduiced ice-rafting and rfefined (orelatiir %%itft petltl i od f coiitirterttal glaiation Is

liisier scifimentit ion rates pii,1sibe. bult cut relation %%it lb arine otl terrestrial seqItetic IN
F our rs pes of glacial-marirre sediment cart be Cfraractetu'ld hs difficult bcause the central Arcite oceanl ittaitrifi ftiiiet ssftle

silt-Lla% hit,grarns I he fiiur histogratispes (type 1. noiited, climatic changes mote seserel\ affected losiem latite ( ,iid
rspe If. hiirfdil. t pe IN. tlal\ nimi arid I pcI's. sftmoe reflect coiirrlaiti %k~ith glaciations ifetined b\ oxsgeti-isoripv tftipu-

ifiterentcs in the ensirrinnental Iacltrs that infllueced glacial- raph.\ is possible for the tmost mcett tiites of inumeaseil iL.eraiftng
marine seidimentatiiin I htriajor process that aflcledi deposition
of ice-rifteif iferis in the .'sr, t( Ocean stiiif area trraN base been
trd-rfepth *1ce.itiic circ iilatiitt I title csiifence- sas foiundf to RODI1) ( '1I1N

1tr'en ii.ific'- \% luiii ( .riincnt.,lid ,im ~tt it\ K npu ...th~ A ~ leilge of t he scdIitietts atu straulligra ph\i0s it t feep it
Ii . ' 46i1i .t i %ui.m N'- (Wi u,1hf (,.1, 0 upuis \n , 1

XI.,k., 9.)t10i V-. (),S'ii It d., frr O tjm. , cein is hisei priitails un short klies talsrntiirg thc dltift Mi
*i~i iceislirif1 -1 hu(nl lq6~j 1(. 1471 1 1 is ihandioniti it 19-4, andi



2 CLARK AND OTHERS

because of the enormous problems inherent in working in an ice-

to come. The 1-3 cores may therefore remain unique.
This report is concerned with the identification of stratigraphic

units and classification of the glacial-marine sediment that is the
dominant sediment type in the central Amerasian Basin. The cores *

were selected from 580 successful ca:;!s made from T-3 by Vaughn
Marshall and A. H. [achenbruch of the U.S.. Geological Survey,
Menlo Park. California (Fig. I). The location, water depth, and
length of these cores are listed in Appendix IA. The cores were -,+o
recovered from most parts of the Alpha Cordillera, the dominant T-180O T ( +
ridge of the Amerasian Basin. Canada Basin cores have a high /963
percentage of turbidites and a different stratigraphy (Campbell and
Clark. 1977) and are not included in this study. Cores from the CAN ADA

eastern end of the Alpha Ridge contain a greater percentage of BAS IN 1974 
elastics and have significant stratigraphie differences from the cores BARROW

of this study'. The interpretation of these cores is in progress.mt (
I)etails concerning the lithostratigraphy and glacial-marine

sediment described in this report represent a synthesis of several ALASKA
separate prijects at the UniversitN of Wisconsin. Previous work,

more closely related to details of the fauna and palcoecology. has Figure I. Track of ice-island T-3 drift. All cores were taken along the
been summari/ed by ('lark (1975. 1977a. 1977b). Joy and Clark track of this drift.
( 1977). lagoc (1976. 1977). (amber and Clark (1978). and Kitchell
and ('lark (1979). in five cores over a fairly wide geographic area.

In this report. we recogni/e 13 lithostratigraphic units ranging [he stratigraphy described herein emphasi/es the differences
in age from late Miocene to Holocene. A textural classification of between two major t\ pes of Arctic Ocean sediment: silt lItites, and
glacial-marine sediment and maps illustrating various sediment arenaceous lutites. The average weight percent of sand-siued
parameters of the modern Arctic Ocean surface are presented. The material is considered to be the key sedimcntarN characteristic
report is divided into sections that include the description and Standard thin-section modal analysis. thin-sectlon lrequetCe
interpretation of the first lithostratigraphy of the central Arctic analvsis, plus X-ray and] elemental analysis of the \ariotis units also
Ocean and a description and interpretation of the surface sediment. were accomplished. [ he 13 lithostratigraphic units described has l
The final section illustrates the relationship of the surface and in- been correlated o\er several hundred thousand square kiulometres
core sediment, both of which are largely glacial-marine. These and in seseral hundred cores. lhe uniformity of \er. thin units osci
sections lead to conclusions that pertain to the paleoclimatology of such a large area is remarkable in that the units are of glacial-
the central Arctic Ocean. marine origin.

PREVIOUS ATTEMPTS AT AN STRATICRAPHY
ARCTIC OCEAN STRATI(RAPllY

I he folloWIing stratigraphic descriptions are a composite stud\
Previous attempts to desplop a physical stra tigraphy for the of the preserved hahes of se\eral hundred cores and of

central Arctic Ocean have had little success. A few correlations semiquantitative atalvsis of a fJew selected cores -eatlures uch i s
based on a \ariety of sedimentary parameters have been onl\ gross sediment texture. burrosing, color mottling, laYering. and
partially successful [or example. I:ricson and others) 1964) noted erratic, are easil\ observied with the unaided c\e and pet lilt isual
a correlation heteen alternating light brown and dark brown. differentiation ot the units.
Iuoraminifera-rich la\ers sampled on the Alpha (ordillera. 1 tc oldest stratigraphic unit described hunit A) is the oldest
Hunkins and Kutschale (1967) correlated similar units betwccn the normal sediment that hit, been penetrated in the central Artiraian
Wrangel Abvssal Plain and the Alpha ('ordillera. but precise Basin 0dig 2) Older )('retaceou, anid P

taleocti) sf.dimt lis heein
correlation AaN not ;uchtcoed Also. I|erman ( 1964. 1974) used described but tepresents parts of slumnp blocks that 1test on and ate
\ariattlons in color, texture. faunal abundance, and tnagtuett, to co\eted by, late (enoiic sedincnt (Clark. 1974
correlate sex eral 1 I cores front the Alpha ('ordillera. hit these
factors hase not been itlentiied in other cores, Hunkins ind others I nit A
1 1971 ) stmnmilri/ed pre\ iou, correlation attempts and preseited i
ss\nt hesis of former work I'nut A, the oldcst in slit sdlunu oled in The c'ntltI \1t1c

I)irh\ 1971 ) fcternunied chinges in weiht pclrtrtVn lrhbofnit Ocean. is .ompoe) of olise-btow n slt\ litite ss ili tut1 V 9- to A

\ersu, depth in core for I I -1 cores Al. least I carbonate nmaxnila cm-thick laset of reddiish-ro. ititenatcous lllti" (Il Ip u ) I hc
ind minima ssere identtiied inl cortelaeid in lt , 

%kith ai 'ide ol\eb-hro\An silt\ iuttte is generalls a iinottlef. htt olh\t hio, ito

gzeographic dilribution ('lark hIt71 t loitn1l a lotrelutoii htti ft ol xc-btuii colot Most of th( cores tutici in dtil
pClatI |Foramrnifra and\c-rafteuf err;ttrcs in 4 c'I. inl I arson tertniatc it this unit. and Th' reporte'd thlckness is1 extti'ti'l

197€,);Stas abl Iiicorrelalte sesal o~rainifnta bllndt~in .. peaks aabli It is tindtet7ii. li toss fil iunit A xltellds btehl' "hu

S_
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Plgure 2. 1 ithnottslgraphic Unit% in l"( cqirr from the *AIpho Ridge. orrelotin w~ith mallnetic rrersa %rtigtraph. end cla~ficlation indicated.
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cles in the sand-siied fraction in the surrounding olive-brossn silt% unit B and gise the surface of the core a speckled appearance. I hie
futile. Foraminilfera and other f'ossils are not present in the sand- ferromanganese particles aserage 1 3.9 '~ of the sand-sued fraction,
suied fraction oif the dark brow~n clasts. A \er\ dark ofiv-hrou n '[he\ often occur tin smrall clusters ot are associated wvith fturro~ s.
clast at 3.!)to 7.0 cm in segment tss o is laminated or handed at an Ithe suerght percent of the sand-su/ed f ractionl aserages 6.006'
angle of 40' from the present hori/ontal. [hle adjacent oli c-browni for 24 cores (App. 2). Ihe detrital sand-si/ed tract ion is gencrall\ if]
silt\ futite is unlayered. However, it does show cons'olut ions, con- the I inc-sand range and is moderately sorted. Monocrs salline
torted burrows, anid general evidence of' disturbance I lig. 3 . qularl/ is the mialot constituent of the sand-si/ed fraction (App. 31.

(lasts in FL. 285 probably are intraclasts that were loealI I rrar ics are rare in this thin unit ( I ahle I.
derived from sediment st rat igrap hically below unit A. [he dark
oli c-brown color of these clasts is cerv similar ito the distinctivels \ nit C
colored flow-in found in cores F1. 22!1. Fl. 222. and I I. 224. T he
clasts represent es idenee of slumping and or current Scour and Abits unit H is a thin but dist inctis unit characteiied b.\ t\,ii
redeposition of semnieonsolidatedl sediment at the time that unit A tfhin, reddish iiiebis iate naCcOus lutite lasersN and an
was being deposited. Frratics are rare in unit A (1table I f. intersening. sligld tfiicket . light ihie-brownt silt\ ]Lite (fig. 4f.

Iie thickness Of unit ( ranges ttoni I Sto 1f0h cm. but the aserage
Unit B thickness for 40f cotes is f6 01 Lni I 1iC tic1knesses ot the indlitidual

(avers ra itge front lss thant 1 0 cmt f o man.\ of t he arenaccous
Overlyi ng unit A is a thin silt%, futite unit charaeteri/ed b\ a lutites to a ttrasittiuni Otf ' 0In 10m tot teMiddle Silt.\ ltIte.

uniform light brown color ( Fig. 31. [lie thickness of unit H ranges I lie housi c o nt act 'Iit unit ( 55ithf uii it HI is it best it regu Ia and
from 2.1) to 14.5 cm. btit the anerage thickness for 35 cores is9'.fhem. ofteni is diftuse Ind Pt., :it0t0ti.il It is tIe! tied h% a chan tge it) tc\tiire

TIhe lower contact of' unit H is gradational anid is placed and a con espotidin ' cfinugett in fie' sfiide iOf C0tl01 friin fight is -
approtximate]), where burrowed sediment of uni' A gradually ends broa it luti it t a dat ket. tefd isfi Itse-britssn Ii rtiaccius liit.
and uniform uinburrowAed sediment begin%. In sonic cores, Unit C is tfhe lttsuitttost Of thitte pttttitwnt arettaceonis ut1ile
indistinct, small, light olive-brown or olive-gray burrows appear. key layers attd it this ctiicte 1 TOis iftt)c1t as the "lower eoarsc-
T1hese burrows are (hotdtro'.k but are smaller than those itt unit A. layer.
In man',' cases, soime mottling of olive-gray or olisC Silt\, lutite wkith If11e Medial Silts 1i111tC tescitibles tfhe underlying uit H in its
the (IIive- brow5n silty I utitc oecu rs. itsera II light browsn citlot It fiam itote antd better developed

Black to dark brotwn ktrrontanganese particles are commott in huirrowss. In tman.\ cores it appeals to Itase a relatiels\ sattd.\

-- N

.j I

.1 UnitCB

S,

Figure 4. ( A) omposite burrems (arro) (found in silly Iritiles of unit A. corel1-I1 4010. segment 2. (HI ( impoile burrow~s farro s I found in unit .A core
F- 1. 400. %egment 4. 1( 1 Typical unit ( and contacts % it hlight olt'e-hro" n unit-. Hand 1); core P I 29t.sellment 7.1 he contact% iit Ihe medial %ill t utite I.%er
in unit ( are marked hy thme %mail arro~ws. Note the %mall pebbte in the top oit the tow~er coarse laser in unit A ll scale bars represent 1 cm.
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le\tureC. I he Contacts Of fte Si(\ IM C \ih the Osell *ing and is srs simtilar in g o sappeaante to 1111A

underlx ire aretiacetits lutites are tnoderateIh tor extrenrixk Ihe lower contact with the aretraccous utnit C is iiditiial to)

g rada t 0 ul. moderately sharp and is irregular.
I hc ss eig ht pirn it ot the sand-si icd traction axe ages 1 6.731 Burrow's simila r to ( /ondruit.k are 5cr 5commol n ii unit tI

lor the low~er part and 16 04i' 1 fr the tippet part of unit C tot 22 These burrow% range from 2.()to 211.0 mm in length and huont 0 S tut

cores ( App. 2) 1 tic det rital sand-suecd tract ion is generall\ in thle 2.0 mm in diameter. 1 he burrou~s are general tilled] 5 itt cclinrit
tine-sand range and is nioderatels sorlted. MtOIIOCI\talineC iLiart/ that is darker than the surrounding sedimient I hisi. latiirc
is liii Inattt conrstituient of thle sand-stied tractitin I App, 3). aigient,,the nornial color tingt idc oteaestl t

I errorilganese: particle-sare not ohsiotis onl he reterencecore uniform[\ dark olive browsn.
has Hi he\ co)iIst it t atr as erae tcit orl 2 Wt, of tie sand-siued -et romanganese particles, arc common and( specklc thestrac
tractiol titr the lowter part oit unit C and 3291, Ito the tipper patlt of the reference corre htakes. [he\ are distibuted is enls oxr it t,

1:rratiis Occur at all lexeis ini unit (t Iable 1.) core surlace. are found in clusters, or torin runison hiTriosss I iie'.c
particles axeriage 8.811 of the sand-stied tiactioti

Unit 1) 1 hec %%eighrt percent Ot thle total sand-stIMI tractionI asera ,es.-

6 311; loti 27 cores ( App. 21. letriral said oLcrsII ite Iliic-'airiu
Unit 1) is at relatixels thick. olixe-bro%%ni to liplht ohs e-hrossn ri ange' anid is iModer rit % sotirrd. Moorsalici Itat tlihCri

silt\ lutite I1-ig. 5). 1 hec thickness of this Unit raies frot 201.0) to abiuidant sand-si, if gratin I\ pt: tApp 1)
56(tim, but thi atxirage thicktness foi-40ctcs is 34.17cm. I his unlit I xserrtx,-Ihree C ratiCN occur In cores stIieu HIi detail I I Ih1C I I

A Abo\ c uitt I) is a t illr. gerieralls it irrtsiitt i tc %c un oi ,I\ - t a%
, - tin light 0lisC- hi Oiss 1t t I titit tIC I-' 5) 1ft I tt rtikits 1L1 1t unit I

r~a!-C 11)1 10ie.tir t n 2t0.I0cr11ti0r SI CILre. sstII rIe aserace Iliti1,tC11e
htg eing 944 cii. I tieL htaracter ItIc It tr ta tIIt hs 111it Is tOe tirtittit Itt.

.5 t ::~. ~ ' uibtItIO\ rirstei 0aur itI teseirrIeir.CII In Cioiirs %ICC lie 1t 1 is

5 A-

4 t

0. Unit E

. V3

- '~ UnitD

Figure 5. (A ~T Ispical ofiie-hrnwn. borrowed OfIt Iilite (of unit D:; core F 1 291. segment 9. (Rb) onlat t between uniform ouII~e-grai unit F and
joyenaruN unil V: core 1-1 221. %elment 21. Note contact deformed ro~nrate downward. it ) Relnresentatuue %ampie of unit% 1). tI. and 11 m ore I- 1 291,
%egment 10. %ote the dimwnw ard-deformed cointact between unit% I- and t and the seri gradatiuonal contact bectweoen isniform unit F and borroweud unit 1).

c orrelatioun with (R111 a% shown. Scale har% represent I cm.
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laver that contrasts with the generally olive-brown sediment ahosc e lasts arc composed of it unif orm claN to %er% tine silt. I hie are
and below is formed. The upper portion of this unit, an arenaccous colored dark gray to black in most cases and pink ito red in some
lutite. often is very sandy. rare instances. Occasional)% thes are fincls handed or Ianimnatcd.

The lower contact of unit F with underla ing unit 1) is They arc roughia spherical or has c a piil~gonal outrinc awit h
gradational. The contact is at at level where most large and distinct roundled comners. I hese clasts are Significant for the glacial-mnarine
burrows and dark mottled sediment hase given "~ay to at more genesis oft the sediment and are discussed later.
uniform, light-colored sediment. Contact with the underlying unit 1: is exceedlingis shar p. ev en

Mottling is very subtle in unit L. Burrowks similar to (/iondrie.% under a miicroscopc. The contact is aell defined h% a change in
are rare and are usually very small. unobstrusive. and light colored. sorting and incani grain si/c that corresponds ito the color cha nge
A long. svertical. more well defined burro% occasionally penetrates from olivec-graa to light (livc-hro%%.n silt% lottle to reddish ohs e-
the greater part of the thickness of this unit, brown arcnaccous lutite.

F-erromanganese particles are present in most eases but are Unit F is the second of the three kes' arenaceous luti fiori/ons
unobtrusive and minor and are not always easily noticed. In some In relation to thc stratigraphicall% loacr and higher kCN units, tis
cases. however, they do give a speckled appearance toi the reference unit is referred to as the "maiddle coarse- laaer It forms an
half of the core. ,I .hese particles average 5.8"i of the sand-su/ed unmistakable combhination ahenl coupled Aith thle of tell (list incus% c
fraction. underlying unit F.

The %%eight percent oft the sand-su/ed fraction for (ui 1: Unit I- generally lacks internal bedding. larnination, or othey
averages 8.65 ( for 26 cores (App. 21. [1he average detrital sand- primara sedimlentary structUres. In someI c-ases 1IC lI S is a(olo
Sued fraction is in the fine- to very fine-sand range and is change from light olive brow n in the lawer portion to reddish ohs e
moderately Sorted. Monocrystalline quart/ is the major sand-su/ed brow n in the upper part of the unit.
grain (App. 3). Sediments in unit V are comnionla SubtlN mottled I lhes

'Ibirtv-threc erratics occur in the cores in which unit 1: was mottles arc at result of differing percentages of sanld 0i (ffelItDy
studied in detail liable If. mean grain si/c in thne sand-suecd fraction aitd are serx %aguc 'Aith

il-defined houitnd arics I hese molt les do riot r eseni l hutro i ig
Unif F but appear to be depo~sitionail oi eatrls iliagenetic features

In core F L 396. 84 cm f rom the base I the COI i aIT sml IPreL of

Unit F is a distinctive, reddish olive-brown to light olive-brown woiid was discovered (ig. 61. 1 hie fragment is apprtosumatlsl I
arenaceous lutite (Fig. 5). JThe thickness of' this unit which ranges~
from 2.5 to 36.5 cm, averages 13.76 cm for 49 cores. T he sandv

si/ed grains of quart/. carbonates, and rock fragments are easil

seen with the unaided eye on the surface of the reference core half'
Cohesive mud clasts are common and often are abundant. I[e he '.e

14~

Figure 6. (A) IPood fragment found in unit I- in core Ff 196. segment 6. fRI tipical sediment in unit C; core F 1 214. segtment 9. %uitehureow% and
change in sediment huefrom light oli',e-hroslntodark olive-hronfrolor mottling). I( )II spical II anada Ah'.-.al Plain Iurhidile. cc re tIfl .egment 44%ee
Iamphell and ( lark. 1977. for delailsl. (ompare with unit P- in Figure 1, All scaic bars rcprescnt I cm.
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cm in length and 0.8 cmi in width but is poorly preserved. (Close designated subunits a through e. from hottom to top ('fitl If ranges
studv of thin sections reveals that the fragment is wood, but further in thickness from 5.8 to 15.9cm and averages 11 32cm lor 41cores
identification is impossible (B. F. Kukachka. 1977, written Unit HI is the third and uppermost of the three kcN alcnriacoius
commun.). this was the only plant fragment recosered from any lutites. In this context, it is known as the "top coarse- Ixise
Arctic core. Frratics are common in unit H. Seventy-ninte %%ere found in the

Ferromanganese particles are rare or absent in unit F. their cores (Table 1).
average weight percent of the sand-su/ed fraction for three cores is Subunit Hla. This is a oniform, light olise-hrowkn aircnaccou,

2-0('i.lutite. It is absent in cores from the Chukchi Rise and skestetni
The "eight percent of the sand-suied fraction for this unit Alpha Cordille-a areas (Fig. 8). T'his suburtit is discontinumoisand is

averages 23.(X)Cj for 27 cores (App. 2). The dctrital sand-suled very thin in many cores. It has a variable thickness that ranges brom
fraction hats an average mean in the finec-sand range and is poorly, 0.8 to 6.0) cm and averages 1.07 cm (or 14 cores.
sorted. Monocrvstalline quart/ is the most abundlant sand-suzed The lower contact with unit Gi is usuajills sharp but oftten
grain (App. 3). irregular. The contact is clearly defined h% an up~kar-d chaoge trolm

Eirratics are common in unit F. In the cores Studied. I 89cerraties usualIN dark brown silt.% ]liititle to light reddish ohse- bro~kn
%%ere fou nd Oiable If. arenaceous fut ite.

Ferromanganese particles, are rate fit situttit Ila and as ciage
U'nit C. 1.8"i of the sand-stiecd traction. No huriovs or mnottiig ssce

noted.
This unit is at light olive-brown to dark olive-brown silty lutite TIhe wkeight percent of the sand-si/cd tract ion hats anr as erage

(F-ig. 0). U.nit Gi rainges (rom 29.0 to 65.0 cm in thickness and meats alue in the fine-sand range and Is, moderatel% sorted.
aerages 50).84 cm (or 51 cores. This unit is similar to units A and 1) Monitcrvstallinc quart/ is bs% tar the miost a bundanti detrital grain

in oserall appearance. It differs from both of* these units in that type (App. 3).
1-oraminifera tests are up to 20 times more abundant in the upper Subunit fib. Ithis is a dark graY to redd isi ohisc-broosn
portion of unit G than they are in any stratigraphicallN lower unit, arenaceousN lutite etiarailteri/d b an overall dark gra\ ciilor. I his
I his large increase in Foraminifera tests is seen in 90t.1 to 90lY' oft he subunit ranges fin t hickness fromt 1.01o 4.3 cm and as erages 2. 75 coti

cores. t he Sudden appearance of abundant planktonic Forami- (or 20 cores.J
nifera is easil\ recogniied with at hand lens. This increase in the The contact \%ibh subunit Hia is conimonlx sharp and irregular
ntumb er of Fo ra mini fera tests occurs at a pprox ima tel\ oine-t hird t o In at few cores it is gradational. I tie hi it d a r is iistatl\ shaipl\
tsso-ihirds of the thickness of unit Gi from the lower contact with d1efined by a change inl color and texture from at light reddish olise-
unit F. bro\Niiarenaceous lotite helits tima s ry o s.ga st rt\eoi

[he loer contact itt unit Gi ssith the underlying middle coarse Ititite abhove.
laser (that is, I-) is gradational. Ferro manganese particles are rare fin this suibitniit an to a eage

I nit 6~ ranges in color f rom light olive brown tit a ser\ dark otf[\ 3.01" of- the sand-suecd traction. tluiom% ate absetit
olise brown. I here i% general trend in the sediment color (rom at the w-eight pemceti ot the satii-siied traction as etiaps 31 62";

lighter olive brown at the bottom oftthe unit to a darkerolive brossn ii or 14 cores (App. 2). ti aiei h ihs srg eettsiil
tossard the top. I he sedliietit is, scry color mottled ( honi/rlm' sued tract ion of aml of the other units In thle studl seCt1 It lie
t\ pe burrows, are cspeciall\ abundant in thle uipper twit -thirds oft this detrital sand-suecd fraction has ati iscrage mecan saic Ii the lfit-
Unit. t he burrosss are genieral].% scry large tip to 3.5 mur fin sand ratige atid is moderately sourted. Monocrs stiaIlinictuaII/ 'tic1
dbiamreter andb 25.1) mm fin length. major coitstituetnt of the saint-su/ed ftactiot (App Ai

Ferromnanganese particles are conmmotn. I (icy rimi at birross atiu Subunit lie. I his is af light reddisth olise-hiossn AIii k C0111ieii
acecrntuate the burrow or line Itlese befrimanganese particles hliat that is taurl\ itiori fit miall appeatarcehc li kneskso

aserage more than 4,01 oit the sant-si/ed traction. Coiesise. (ark- suibtuniit lie ranges fromt (0.7 to 7.17 cm and is aciages 1t 16,ti t 72

,gray mud clasts. 1.01 to 3.1 tillt itt diatteter. are occ~intally present CoreCs
In this unit t tic lois~et couniact usitti btinit lbilge mtitgafii id

Ihe sseight percent of the sand-suecd fractiont aserages 9) 851, undiitct to shat p anid regular [i (s cotitact is ittcrt h%\ Iti(
for 26m cores (App 2). thle dltrital sand-sied fractiont has at etatige (torn guiuvush. sets\ satni\ tint coits uitci~i, Is tili

average triean salue in thle titie-sanut range andt is poorl\ sotted, befoss inl siihitit It11 to teuhul. less s0o1d\ itiit LOIsi .VIuI.stilsM
Monocrsstallune quart/ is the uamor conustituetit of the sand-su/ed huile ubuuse Iii siibtit tie s
tuaction (App. 1) F'iratinttiiltcu tests aserage ot\ 0 511"u ofthe ItCttilItiiuig Wiuuspt IlItsC ;it( taic Ili this sihifit mit isviirt

sindb in the huisser pourtion. bitt tire\ contitute an mieageuit M311 ittl1 01, it the saitii-siieit f11iat tau tliutuus ov tieli

it die tpper pimrtiiono hits unit I he\~ ratige timn X 51 toi 35 42(; mit Ilie "ecight peICCUit Ot tile sattut-sI/eu ttkiti sl cs l

the mads~u iaterial tob the I otamittiera-rich tipper portioin oftoht 22 civ I iupp 2f Ih tie iitl stii sI/eit tue11lti a t.1 it

unit ( titr three cores iselige itica]\iti slife IllI hi lie ii-smItut tIe J itIt .1pdI 1ill I\ -1lit

Ii imit G. 1 1t errais ci Ur fi the cores It abile I )tocsilii ufIiaIt/ Is (Ih tIlul ... I iilhtjttl1 s.ili1d-s/ctitd i

f.
5
upp 1i

Ifnit If Sulbunit liii. Ifis ifisi-isti uufel ijutIifti siI( fts 1 titi\ 11 s1 11

itils Iit hiititc sititti III OiR gtilts1 itetitL CJii 1in11 11 I1 1.tigs

Init If is pribdmitnti an atmiacemis ilef If Is ibis tiled th4 Il ill kltiiss tutuit I 1"i 1 S Ili aindI\,tClagcs 2 0i it Il IIi? It Luim
ise subtinits fiuir thin irecICoitu tt lit uts IN tint] itoC thin,. tie'IMC ( l Iis.e \ittt t I ~ihtitt III is( s11 \ ut Cu\%aPIIVtiffuIs Jito I(

iitrsraitieu. silts II utile inse Fig 'I th(este lasers biuse ecii etlmt.iliuuttl it) itiut (isis lhii tuiiil is aitil fcit e h\
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z z to ~ I he Io%% ci contact is (letinedl h\ af etanpe III tol if aind tit itle
0-0 WJ from ofise-hio~I sit(\ ]Litl hClIOM to) reddish tliseC- hiOtA 11

10.~ (n _j aetctts lutite ahiio ecntc stsd ksctphu i gi.

Cr 0r a x-4peIMtrroiiatigancse partiLc i a i hs suhunt and , milpise

LL W 0 0 i -. U. an axerage ot 1.1I1 of the s.anid-st/ed traction Hiut ti5 die: fil,

In 3 1 ihe average A eight percent (if the sa nd-su/ed Itractioin i, It, 0(1'
~ -~ for 24 core,. (App 2) [ic lieasrape dettital sarid-sied tliioii is 111

tO ... the tine-sand range and is niiideratlsk sirted I he is
* UTT sand-stied grain is, monirNsalline quatit/ [App 1)

P tlhe stratigraph\ Of the uttatIS and sonme tit the tupittwn

-30 sedimentar\ patattIeters Ot e;tch unit art suttitnatti/ed In I iguile 1)

-40 LUT Unit I

05 ERRATiCS U Init I is at silts\ ltitt hilt ciittin t thtitn. dietaictils ltiiilc

-60 suhut. At the hab i utit tled.ill Un( iClis 11\C lutite 1 tt1it et1.e1
upatrd ito an ittnsisel mottled. darkseims-h tsll

70 lutite. t he hase is itserlaid h\s; thitn 1"- tii 4-cunt. tniodcritc
mottled. oise-hrimt anacu lCICU utite. .Ahiis this middle pail is

-80 SLYan unilel d tii toderatels tiittiett. \celtisht-prai% fit\ lutute 01at
LUIEgrades iip~ard into atn ntensisel\ tuottlled. dal, k iillom~isti-hiiia i

-90 si ltv lutite.

the thicknes i ut I tatiges titti 2(1to 51 cmt, %olitti ttt, aseidge

PW Ithickness heing 33 cmn I he hase us marked h% at sharp ciontact \kot I

i110 the reddish tilise-hritsn arenaceis Ilutite (uit H1. JI I 1)
TURATE 7Variat ions in percent coatse vratinN are plotted agatist depthi fi

120 SLYcore for tise "t pe' cores aunt in igute I I af major peak fiieai ttw
LUTTEcenter of the unit is associated m itl) the thin a renace iti Iuittt I hec

130 SANDY middle of unit I I MI) hisataaerage ut 22i coarse grains tApp 21

140T1hese ploits appear tit he \cf\ impiortanit tiir untits I toi M

H CEOUSVirtuiallr all1 ot the mottlinig is the iesult ot hiiitirhation osot
-50 f the hurrous ate ( hinituo I tie huirrums taiige triiti 0 S to I

mmi in wkidth attd are tip to 10) ii In length Ritntdu tss t otd
(0cotmpoisite hurtuims (Chnnihenlaiin. 197S) ilsioi ic itt this lotu hutl
1,0are rare. I hec most rttensise htui I ~ rip Is test[ ictitd to ttte silt\ lit I

/oines. IFerin nangatese particles runi somne ht ro\%5 hilt geil.Is
LUTITEeomprise less thran 7t ut the satid-suedu mnateriii

t he majoir aencetitisOU cMtsiunsae (Iqttat-telttspti glidini

-19 (- ",) ;nitl lithitied rick tuagnienIts 1 71, i (App 1) fifluit Of life

____________ grains ori trag)tueits mte iigilm to uihanuiti iand tuitpp, i he

210LUTTESitmeC IStO enttues. MUtiit Mi itolt I Lites I I,1bLe 1)

-230 At the hise Oft 11111 1 is aI tutu I 1. 4-n f i ii i pit4 \ slint

,240 SILTY if \ c I 'I v I laIer de i ated it')s\ I I s IA is i I Im .t htI ti '11 IiAi sstv.i1,k , 1t

LUTITE ~(]ON R 5 11 IOlOiC Mot Si tit 2kiinsI1,uii th\ Ji \%III[,i )III R 1,
Lippetre t (0 li 2 fInu I ri-1 tiI, II isiiiit..iissd 'OldtI

uttU U VitIld aLe sllisl i-hituii 1,ills tt)le. ti"ii .0tite1,s ilm

C__ LUInSItlIf( I- l li 1-iti pin nhtil c ilii h\ III Itidl I"iii iii itT l1\

2 7 0 B~~I i g u ruE a l I i t s t rali t if r phi t n i 4 .i a t1, 1 1 . 1 I t \ I s - 1 1t i a t n r d ( I l u a ' ' n

3001 %edlinfintar'% paranrer% mu tiade picentsicgrs II if itcart,-fetdsgcar And IOII
-detrit at grais I t i Ii d iiat cs IIIa ft ohigh a huednc Di pt tins

140a 7 005011 .-9- MIL -. w NIL -- eM Indicated "ourn her% in "da r iiat grains u'clumrn re-fvt tout Ir hio enat ei flea
Penh% cef Itarh% 01117t.
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I he thickness. of unit.1 ranges from I I ito 38 cm. and the average Unit K
thickness is 16 cm. I his unit is an important key bed in the section
(Fiig 11 Ufnit K is a mottled, dark Nello%%ish-hrou n to dar k gi asish-

I he percent coarse distrihution is characteri/ed by tsso peaks brown. Voraminifera-rich sill% lutoite2 -ig 13). 1he thicknesso o l 1
(units .11 . JU. App. 2). The loser peak is associated %%ith the pink- K ranges from 14 to 53 cm. and the average thickness is 31 ciii I he
s%hite laser, and the uipper peak represents the oveilying silty to Brunhes-Matuyama magnetic boiindars occurs in this unit
arenaceous lutite ( Fig. I I) TIhe bottom contact is marked by at change from at light

'.lost of the mottlIing is duci to ( /ondlriie%-t ype burrowking Silty arenaceOUS lutite to dark silt% lutite over at 2-tii 5-ctii iters al.
oirgainisms I he burrosss are similar to those described in unit I and Foraminifera. typically Glohoqiiadrioo t I, ~i diroma, are
are outlined bN small black. ferromanganese particles. extremely abudant and can be easilN obsersed in the tipper isso-

Hoff1man ('1972) gave at detailed description of the pink-white thirds of :the unit.
lasNers. Hie determined that the pink-ss bite (avers wecre rich in elastic In general, unit K has at lio~er pe-rcent coarse distributiiin than
carhonate and bad lovwer priopoirtions of iron and manganese oxide the uinits, immediately helos (unit l1) and abiove (unit I (t 0 ig I I).
than the surrounding sediment. petrographic study stipports these The distribution averages 1 5(( (App. 2).

resuIlts. I be maijor sand-suied constituents are quart/-feldspar 'Ibhis unit is intensively bu. rossed. ( huoulriv% and hori/ontall\

fragments 1 -1010 2(App. 3). Most of' the grains arte subangitlar to /oophri. occur in this unit. these biirrosss are backfillcd. fuse a
angular and are poorly sortedl hori/ontaf orientation, and are approximatel\ 6 mini in \kidth and

Some 135 erratics s?,ere recov eredf from the cores, tip to 3ff mmn in length ( width of core). R intl burrowhsand composite

A.A

:Alt

Fiture 10. r'.pical llthf.ovic iorunil F, 1% AIt nit Ff In I contact in F F A.". segment 14. Rase r( I i% darke'r tn nfunhur',iwed toi.e iti lulitet hat tradtm
upward into a mottiled, dark '.etli'.h-hriiwn siltl% tutite(R tMt'iddle and tipper part oif unit Ifrom 1- F 1 14. segmnent 16. Middle part i%. on!'. micatl'
hurtmwed. hut it grades intoe the upper part tof unit 1. w.hich is intensi'.et' hurtim'ed. and a darker '.etlo'.'.ih-hri,.'n %ill%. lutite %(alr hats arc I c'm
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Figure I I.(t orretlin by fithorrtaligraphir units I toM of the percent coarse distribution( 63 pmn) between fr core%. Fach unit has. a characteristic
percent cirare ditriblution.

hurrorits (Chambherlain. 1975) occasirinallx occur but usuallY are iric, I hie large burrosi% range front I to 15 turn it) "i idth anid Iva 1

rare Small terromanganese particles arc eseniN distributed 501 mmn i length. I he number (it htwoisi and the hiirotmi 'iv
throughout most of the unit and compose 7.7"t l %%eight of the ilitensil seemI to inIcrease tiria Id t he tOp 'It I 'th ll t10 Ad disrotr oI
sedient Ii Irs cores the ripper contact is due to tins interusise Iit IIIi ri. Ici t i0s

Quarti-feldspar grain, (--541' (Idtrital earhortre f-IS' I. andl cores Iletrnanganes' particles aserage less thanr 4', inl Ihis uiti

lithic fragmertts If 131' ) are the major sandl-si/ed particles in unit K I hie majorr sand-si/ed rnuirle are qiiarveilsdpir plini 1 (66,I

IApp 31 Mart\ if the grains are subangular tot angular: the grins and Ilihic fragrmets 1- 171, (IApp 1) Itit I Icorirains h ili Ivyhct

are pioonis siortedl pirprirtin it) qiiartI-Ielrlpai grains of amr 'Nit lilten oit

Ii ri nit K. 2014 er rates were tund idn the corres II able I I strudied

Some 2011 erraltes kir fouiitd Itt the' sores ( I 11"th I

Ibhis tot is Ii arenaci [itrie %%ith an tipper %Ili\ tutite /itre
I he thickness ol unit I ranges frotmr 4 to 1 10c(m. \sirh the aserapue flie bot'tnti it uit M. Ili upperrinsr lirliolopit uitr Ii I

tburkriess being 11e cerrk'trtfil AnCtis is Milltked b\ at thin MI 5-1t02-LIrl. kcoarse pok "Ilit

Ih be bae it the unit is marker) b\ a sharp iontacr boetsinthe li~rse ulesigrirred PW2 (I ig 141 1 fi .P\% Lase, itstitt hs

dlark, mottled silts Irile 4 I uinit K anrd aI tin 0I- tor I-intll fllinalruin (19721, rs %tritilat it, thic I'V I laser iir in tiliri I t

uinrrttle olre rir light \eltorsiish-brisir sill\ tlitt 0 ig 121 ninst itf the cores. 1'\k2 is imlstji ind i tttitiitlns 11in risen

I he perknii coarse plots lt unit I irsialls exhibit rini muajor. \&tilh the suririiing, darker selttimert trrtnigt Ill tItersal Ill 'l t "
tottinititni peak the peak is easil\ nlrstrngrriheit Ii tttirs cirs cot'l Abite Itle PW2 laser I is tuiotlert I mtriuiittar ti

that ba\se I thick arenaccttit lutile /orte \kith errtrc it istribitteil \ellois sl-brttss tot brrtii silt\ Iitite thrat Prnttis Into ti'lrir
ese(nl% thrtttrhrrt if ly 1g ) ited hliht andl dark silItiutesN Iflie- silt\ lirritcs oin oxcilair h% o)r

hi/ritcsr antl sm,tll riot) biirntss 1( hanbetlion. 1975i Mnilr utrtrttttltrtd ntlis to otlise-grur arerraennii, li1triri I j olfn ihc 1111t
o,iosnnall\ in Itv silts Ititites of this uinit In addnition. man\ large is turarkerth it I tIrIt (0 1- 14 I tI,tuuh iie I.n\1r ivlllesutt I (d %kIh0 I

brirrttsis filledt itit dark. I rrarnrirrterrti h stlrs lirtite wI luitl silts is mitnlur h\ita I tttrnutitrautrt Ir. tlark sclissusi hi.," i ill\

lirtite Interied %itl small pink -\ bite clasts are (ntiott Itt Ills luirtt Iit marts tilt llie , ores ttr iippr'r siser i titiitr Ist sri tori
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A~ ~ igure 13. I % pical lit hologi of unit Is IA

D~ark scilimish-blow iti t) dark grab ish-hr, i~n %ill%
-, - .~.B utite with some arn(osmterial of lower and

- Intense hurrotting chacracteritces all parts of unit
A~s -H . I pper lighter portion of unit K and Is tip I

4 contact in F 1 354, segment 211. Notice rveliuel,
sharp contact oif (lark. burrowed unit Is below Arid

0 unh Urrojed. ,,lie to light sello~ish-hrown silt

v l: t te (unit I. ahme. Scale bar% art- I cn).

/19

FL 216- 18

L-i

prohaih1 ilects the thickncss pattern of unitI
I xatintiolufl I igure 21 tescils, it tiend ii vrda hinn

to'15.rd the so11thern1 Ha~nk oit the Alpha C ordillealt111
No o~craill trends can he deteriniiied lor nf. g

lio%4cser. the 'W I laser is thickest (2 to 4 Lmadd~l~

distinct pink-"hilte coloiratiotn in cores iritt the mci ieI
tends to thin and heiune less pink tusuid the Alpha (ordilleri.1
\&here it is primarlx at tniderateh hijrissed- thin \%isp ofi \khite

sed imerit

I nit K is thitcest in cores lruin the ( hikchi Rise andu tireJ
soittheast flank tit the \Ipha ( ordiflcti (I ip 21) It is thinest in

Lcirec tront the siiirhscst Hank li( Liest (it the Alpha ( 0urdr1llea
I hec iscrilil trend tot oiu I is J ptOriUtiCh n1LCiat! In

thickiss ro"saril ti trest ainid suiitheist tliu (i the Alphai
(r 11riiilleri I i e 24i t cirsu h\ itii ce\pi risiir itino t he i ghIt trn i cntc iii4

liiti(te ite Irhe Itirkeul ir1itse in the southea'ist flank dieda1 i
result -1 .1 lok.! fhruig( In Iithiliig' A miWderitix h 111L i li (, t- 1

itcriaiisiilliii. dirk ils-ri ienaciihiis liitilt: oi.1iir ihie!, __
the light areniieus tile /one itt the lmvi portion it unit I I iris
Lhangv ii Iith.Iog% os tirs in sores 1 1 39S* I(W 39Nl 4iXt&1 .ilt 1l

A (Itinite trend in unit M us shousn iii Iigure 2s Iet uii s a large F L 271-24
increase in thickness towsard the Alpha ( ordillera In generail. tis Ifigure 14 A omrinso if tut \1 in lmo lore, olltlited criic than ,fill

increase appear% to he uniform throughout the entire unit km apart. %ote the cnorrelation of( laminar in the~e scrtrmnis ( tore %igmnto

I ntt M exhibits some of the greatest %ariuttions in thit kiss is 1; cm in length It I P% .2 taser; t2t brown. I .ranoifira- fi stilt% hoitv
grading into an intrlaminatimed tight aod clerk btcrour. I itanouinran i

hetsween cures onis in af short laital ditfane apart It is importint %ill% bile: t %t pro%. ti ilm-tismra% arrenau ob Iitt. Andi 41 dark .etto,"ish
hit nite that tor hoth exptindeii iruit inittisil sei t i ritt thu hron. I oraminiferia-rch siti ttite. iiertaini hi Ito- \% t latur
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Figure I S. Thick ness (of unit t in centimetres. All1 fractional % aluesl are Figure 18. IDistrihoution oif the comhined thicknesses, of units 1) and tK in
rounded to the nearest integer. A general trend from thin (on the Alpha centimetres. All fractional %slues are rounded toi the nearest integer. I here
Ifordillers ft thick toward the hukchi Plateau islapparent. IIaterdepth in is a cluster of lost %slue% occurring in the group oif core% near the (hukchi
mnetres. Plateau. %toater depth in metres.
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Figure 19. Thickness of unit C~ in centimetres. All fractional %slues are
I igure 16. Thickness of unit 11 in centimetres. All fractional %alues are rounded tn the nearest integer. 1I here are lowi slues high tin the Alpha

rounded to the nearest integer. IThere is some clustering if thin units tin the (ordillera. V.t ater depth in metres.
Alpha (ordillera. V. ater depth in metres.
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F-igure 20. Distrihution ittthe total thickness iif the sretliiii from unit

through unit 11, inctusis e. %it fractiiinal %alum arer. muided tII the nearest
integer 1 here is a clustering fif lIIw salee icon the %lpho 11 isditlera. wohii h

Figure 17 thicknesi (if unit (in centimtetres. All fractional sluesl are prohhbi reflects the thiiiiess of unit I in thesi- (wcre 'A altr depth in
rounded tii the nearestl integer. V.atry depths in metres. metres
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'80* 180*+ thickness do not appear to be a function of' bath~metrN and are
80* 7 probably due to variations in the sedimentation rate.

T-he top of" unit M is commonly marked by an ols c-gray
'r, C, ,arenaceous lutite overlain by the W3 laver. How;ever, several cores

-2000 3000 CODo exhibit tip to 5 cm of sediment overlying thc Wj laover. TIhis

1i5 ~ o sediment can be charactcri/ed as a dark yellowish-hro~rn siltN
0611 2 lutite, T1h e absence of this lone in a majority(f reprbhxia

CH KCH126 32 * *49 result of truncation by the coring des ice during the coring
IE 48~3 217 o.-22g.i9 i39 33 operation. It is estimated that 3 to 5 cmn of sedfiment w~as lost from

o;82033 676 9i the top of the section.
7.: 55 j 52 21 The distribution of- thick nesses for units 1. J. and K is showsn in

CANADA ABYSSAL PLAIN 5 11W M53
1391 1 67 Figure 26. T1he sum of thicknesses for unlits I.- and M is ploitted in

127 I361"2oI Figure 27. Units J and K generall\ seem to be thicker In cores from
60 the Chukchi Rise. Units 1,.1 and M tend to thicken to~ ard the

crest of the Alpha Cordillera. All of the units arc thicker in cores
from the southeastern flank of the Alpha Cordillera.

Figure 27. Dlistribution of the thickness for units I. and MI combined.
Thicknesses are in centimetres. Thlese units are primariti arenaceous tutites..
Water depth in metres. UN(ON FOR M ITIES

Ivl a few of t hie ses era I ho nd r ed cores t hat has c hecri st uif wd
subunits of unit M is present. It is possible to correlate I - to 2-mm have unconformities. Four of these arc shoW 0 in F-igure 2. (Core,
laminae wsith thicker, equivalent counterparts in a nearby wsith uneonlormities arc restricted to the extreme south~estern
expanded section. as shown in Figure 14. TIhese local variations in flank of the Alpha Cord illera and the northeastern Hlank of the

C M 218 268 278 283
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?

M M

[10 ~..II.L L~S"
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(I,J,K, L) KLM

(K, L, M?)
-40

L50 (K?, L?)
SO (G, H,I0

( ) MISSING UNITS

Figure 23. tLithologik end chronologic distribution of unconformitieq in the upper part of the section. Dark hoerontal lines Indicate the unconformitlui.
Lettern In parentheses ore units missing from the section. Question marks indicate that only part of the unit Is missing. The unconformity in core F-I. 219 and
the unconformity near the top oif core Fl, 268 have similar timesi of occurrence.
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Chukechi Rise. [ he estimated date ofl occurrence (hased] on Age of Stratigraphic Units
magnetic signature) for (fhe unconforntitv in core H. 2 18 is, (0.29

m. ' %o uncontormities exist in 1- 268, . I he upper unconformit\ Introduction. Nos ( approaches A'cre used Ii ietci mining the
occurred approxirnatef\ 0.30 m.\ . ago and ma\ represent the same approximate age ot each of the itatigraphic units (1 IC us o
es ent ais the one at the top of F-1I 218. ]'he loster unconfornmt' Ii selected sedimentar\ parameters and (2) use of sedimentation t aleS
core Ft. 268 show's a break wAhere unit F is os erlain b\ sediment of based on interpretations of paleonagnetic strat igraph\ I tic
unit .1. 1 he precise nature of this unconformity is difficult to sedimientary parameters 'acrc studied for aI lirst-ordcr a ppr oft
determine. the uneonformit\ in core 1-1. 278 is believed to have mation of "last" or -slo\%- rates of deposition NI agIICtiIc
occurred in the Hfofloce ne. No sediment ha c It ifte i h ta tigra ph.% Yielded more quant ia toi e dwa toor cofclt ia ti rates iol

uncoformty.An alternate h~pothesis is, that this Could be at result sedimentation and approximating the age oi) units. hilt The fataa

A lack of widespread tineonlormities implies ftht biittom possible for (2).

sediments contain a continuous, complete record of depositional SedimentarT, Parameters Considered.( I I I igiirc9 IilustratesN thft
esents for the Arctic. Extreme s ariations Ii unit thick ness are vertical s ariation in len ffma ngancsc-particie abutidance in thle
probabl% not the result of Linconforniities butl of local changes Ii units and demonstrates that it is greatest Ii silt\ liititcs and liffest Ii
the sedimentation rate. the arenaceous [luites,. It is, the author, s ess That this suggests ait

major difference between these tsso sediment t\pes in processes of

(IRONOSTRArIG RA PH Y depositon. It is suggest-.-d that ain a hunda nc ot ferrotnanganese
particles indicates lo\% sdlinitntatiTitl aes (NI oore. 1973i Wat k itis

Introduction and Kcnnett. J977), I he possihilit \ That tftc lei itnanyanesec

particles gres' inl the sediment beliis the sedinset-ssatr interface is
(ore 1- 1 224 has othot appears ito be complete magnetic discounted because if this 'Acre tfhe case, the particles should be

siYfntuirvs That indicate the oldest sediment of anv ol the Arctic excnl\ distributed Ii all the uttit,, rather Than being concetitatdl ats
'Orcs Ftig 29). Flo\%c',er. a major probletn in \%orking with the', are init a e%\ of the untis. (2) 1 hie percentage of I oimiicria
serfignirt cores fromt the Arctic Ocean has been the lack of tests approaches /cm Ii the loser (,,ilt\ I poitions of tiicsectin bit

inidependfent es idence to aid in corrcetl\ interpretitng the shos's a rapid increase in unit O~and higher (arenlacefius partsfl Fig
palconiagnetlics ( f)arbx, 1975) Because oft lo\' species disersit\ in 9). 1 hec lack of F-irartiitra tests losser Ili the setown cool,) be
the Arctic Ocean. aI hiostratigraphic framcssork for the late explainedf h\ post depositiontal solution dite to OT iofiis botiftit
( eoif/fc has not been deseluiped. I its. interpretations of the ster or los%% sedfimentationi rates. loss profoctisitsi. niskiig (,t
palcouiagnetics belos' the unmistaklable Flrunfies-Matuvama abunufance b\ high sedimentation rates, ort a combinaulwe of
rve,al are subteetis e Sutibcjtisit has increasedf 'aith greater factors. (1 HI ie percentage ill sand-sied niatet al and er t CsL

depth (it core penetration. increases Ii thle Tippet part of the core, stiufiedf 0 fig. 9. I able I)
I arl " attempts at Arctic paleomagnetic interpretations incloufe Most iif the stiatigrapfiic thickness of areniaccous lutitc is I~iiiifd Ii

Stecers'ald and others ( 1969) and (Clark ff1969) for FI 224 (lark the Tipper iine-tIiuf to one-half of the cores ft is piobable Tfiat

119701) reinterpreted the paleiimagnectic for F 1. 224 and 1 1 22 1 Lind greater peicentagvs of sand recpresent rcLtus cI\ iighetirates, f
concluded] that the oldest sediment abffse tlo%\-in ";as fepiisitcf dfepoisitiion, I hie sharp. loser ionftacts (if litis l and I atlso suggest

during the Gauss Nofrmal F poefi ( 3 32 mn %., Ihis interpretation rapid deposition (if fhesw aucitaceous units (4' \1(,,t filt-i pebbles
is, refined in the present situd\ Interpretations, in This paper 'acre occurring Ii silt\ liuti haose tiwmangaticso. coatings III coliafi kas

augmented h\ the st ud\* and interpretatiion oft ph\slical thle rare occurrence: ill ferfirnangatres pat tics Ii ,ienaicomu
sedimnirtolifgic dtinot pril~. xlallutites I hr cxtensise lerinaranemsc *iaiiigs fit criatics it) silt\

llits stippifrt 11Cheispffthlfeis That Silts luitte tepestil I'm

Magnetic Stratigraph ' sedimfnitatfion rates 11 tfilis tit liecase. thle sCarits T (1t LoiatCuf pebbhle
Ii atrianuciis fitites uiprffitts the tIfisL0 thts11 ii0i1i'i ae

Ihe Brunhes-Matiu\anra inia~iftic resersal oifefr Iia itfmatfrits stCe iclaisels liigfi Atlien thle irriiiceffii lities 'are biii
of the Arctic cores in stratigraphic: unit K (I ig. 30) lDeterttiinatioun ifepiisitcf ile erraties 'Aciv iirei laslt-i tlfAri lifnaiif
of the faramillo siibchroninct is, more subjctise because oii its maiterial couluf coat tile espffslef pffttifffi t ) thin ossiie is tr1os-
shuirt ifiratifn )-6h4 vr), thle rclat i\el\ largesattplirig intersalS 15 ifI(litni In silt\ ittstiiiiiaeicoi ittsi'.~ 5~ 4

cm). Liniffthe fnefnsistenc, of1 tfie iuiauentic ffati (tfile grifatifital it faei tat r~iosT)I 11rILfATC ifs' sedIfnI-fftitIffi)i flI fhki. l'fSi
/ifrie, in soiiii coresl. Iftusescr, at relatisels cinsistetit niirnial A plot ff1 butt?()s 1IM Ii: Csl~ desi flepf sfifsss r2ff cffiTichfti
piilarits signal ,cciir, treat the bottoti f unit 1. anrd this is Itel - bets'eeti inciteaseil ifftiit o mii id l, ilt\ klitte (I ig Q) \ lk 1,o
preltl ito represent tire larantillui biirff's Iitcniiciif fi hiitites 0f ir ' vI'. ". 9i is pi oihl\

fn adffitiofn tfo the Bruithcs-\1tiuanic resral. %shich is siell citshftt i fpsiii tsli s eiiU tfi,1ii 111 ahillit\ i'
dociunivntedi i a nnitsw ( il e Arctic cores Ii unit K. the biiimo\%iiir f'eito it\f isThe sitmwu tfss,f ' S19

Matu~aa-uaissreseisail is at reliable fifri/f the magifetir tJu'i file Pffiii)oii f ii -f- 1"uii' i INI ('iiss

signature ititerpreirfl as lie \ ti a ia( f i c esisil is lffiitid ttrostl\ 11 silt% liitiies'1( ifff. % 11ss itii JI, ! .,~ -1 i, s f s iffilif

consist-ntls Ii unit 1). -ipprf\ii.I tniilssis bet't uits F andi suggesrts a ifa reifuf,(I~ -oi litfe i;tist ICI tu h liiiitfff fi+

( . Iii all fifres That petrettite through thre cioniffir g 29t t Ilis ss iereas Tit-e piiift and lfs/efl IIJI-1.1 Ii i Ili( silts liitite

resersal is getferall% sets shiarp andI ini tis resptl 5, as gfffff aI itifiiiti lfss~iieiiirates I Il, issfifiptimii 5 ihiu
referencee ifatiit is file \ff ii FBriiifies. \iatfiatia biunufars n b1iMitifitu ()I let0TIfJIeiftirits .11IIi tiff l0 i ,i

oI~t~tff fl fffef parts fi flt- ffres is titfic ufiftilt I ffiittiiiiftl~ olif ffic5.Stfsiiif ftifiltifff fiii '
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rate for the Brunhes in each core. The calculated age% for the 3.02 mv. in different cores, In mil% of the cores in %%hich unit I
Jaramillo bracket the actual age (0.89 to 0.95 mv.) consistently, occurs, a tentative Matuvama-(iauss houndar.% has been
This supports the idea that sedimentation rates changed verN little recognized. The actual age of the Matusatnia-Gauss hiiundarN is

in the upper part of the Matuvamna. 2,43 to 2.48 mv Beca use this magnetic boundar ' occurs in unit I).
Age% of unit boundaries were calculated by extrapolation oft the -100 cm belo', thv base of unit 1, it is apparent that sCeeal of the

Brunhes sedimentation rate into older parts of the cores. Because calculated ages for the base of unit I are spurious I[he problem can
the Brunhes-Matuyama boundary is the most reliahle magnetic he explained on the basis of the sedimentary ma keup of the Units.
signature in the upper parts of the cores (lithologic units I to M ). it About 7W' of the 100)-cm section (helo~k unit I) is %ill% lutite.
was used as the base line forage determination of depositional units Silts lutites represent lows sedimentation rates. [ he sediments,
(Table 3). Farther from the Brunhes-Matuvama boundary in the deposited during the Brunhecs are predominantl.s arenaceols Itatics
cores, the calculated agesare less accurate. Forexample, the base of and represent higher sedimentation rates. I herelore. the calculated
unit 1, on the calculated sedimentation rate, ranges from 0.94 to Brunhes sedimentation rate most likely is greater than the actual

sedimentation rate for the section oft predorninantl.% silts lutite
TABLE 3. CHIRONOLOGY OF UPPER UNITS abuse and hcloA unit I (units A. BI. 1). F, G,. 1. K. arid part of Ml.

It it is assumed that the sed imeiltat ion rate based oin the
Unit Age lntorv-1 Error BuhsMtsm

(..Y.) Bruhv.Mat)*m resersal represents a ma S mumi figure. thle
---------- -- mini mu m time needed to deposit I(X) cm of sediment is ()XX m..\

M 0.000 to 0.264 t0.0317 Subtracting the minimum time of deposit ion for the actual age of
L 0.264 to 0.558 0.0601teMtuaaGu
K 0.558 to 0.82-2 01083 teMtu mlGLis boundar\ (2.43 mnv.) gis es a inasamumn
J1 0.822 to 0.946 0.091 possible age of' 1.55 mv.. for the base of unit 1.
1 0.946, to 1.2100 0.105 Re-examination of the thickness data rceeals the ieason for the

---- ____ sp~rious dates. Figiure 31 shiowSs Elist r ibut ion of sedImientat, i
*Estimated error calruiated liv rts oprsno hs\ihtetik",tedo nt n

subit racuinlg the average age from ts ae.oprso fti Sihth hcns rn o nt nIN
age -ilculated using ti- average unit (Fig. 27) inidicatesa close similarits . (oies wsith conidensed I anid MI

tiilkoros. units have extremely loss sedimentation rates. Beca use th ltotal

init thickness of thc Matuvama is relatisel\ constant.

N
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Figure 31. The geograph~ic distribution of calculated sedimentation rates for unit I to M for cores with Interpretable magnetic. Sedimentation rates are
in miiiimetrest t.GN yr. Note similarity of distribution pattern with Figure 27.
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extrapolation of the resultant low sedimentation rates results in specifically for silty lutites. l.ow sedimentation rates for the hisscr

inflated ages for the lower units. About 35(1/ of the cores have portion of the cores suggest adoption of the paleomagnctic
calculated dates greater then 1.5 m.y. for the bottom contact of unit interpretation hown (Fig. 29).
I. All of these cores have condensed I. and M units. Average calculated sedimentation rates for %arious intersals

The average sedimentation rate and age 'or each unit were consistent with the interpretation shown in Figure 29 arc listed in
recalculated after elimination of cores in which calculated ages for Table 2. ' he range of sedimentation rates calculated for the
the base of unit I were greater than 1.5 m.y. The average Brunhes is in line with previously reported, nonturbidite
sedimentation rate that results is 1. 14 mm' 1.000 yr. Table 3 lists the sedimentation rates in the Arctic Ocean (Hunkins and Kutschale.
ages for units I to M. The relationship of calculated ages to 1967: Ku and Broecker. 1967: Ku and Opdyke. 1968: Stcuersald

lithology for the upper parts of the cores and the apparent and others, 196X:Clark, 1970: Hunkinsandoihers. 1971), It isclear
sedimentation rate are illustrated in Figure 32. from Table 2 that sedimentation rates hasc fluctuated during the

The next most reliable magnetic signature is in the middle of late Cenozoic in the Arctic Ocean.
unit I). In order to check on the identification of this signature, 'The paleomagnetic signature suggesting the age of 3.32 or 3 4)
assumed to be the Matuyama-(iauss boundar., the sedimentation m.y. for the Gauss-Gilbert boundary was tested %,ith a lurther
rates were extrapolated downward. The calculated age of the base extrapolation of sedimentation rates. The intersal in the cores
of unit H averages 1. 17 my. ± 100.000 % r with a 95('1 degree of designated unit A includes the assumed Gauss-(ilbert boundar"
confidence and a range in values from 0.92 m.%. to 1.37 m.x. Using In addition, a few cores have signature, that could he interpreted as
117 m.v. as the age for the base of unit tt, the sedimentation rate being basal Gilbert as %%ell as Polarity Anomaly 5. 1 his interval
was calculated from the base of unit H to the assumed Matuyama- consists of silty lutites, and the sedimentation rate oflO.5 mm I.(XX)
Gauss boundary in unit 1) for 25 cores. Using this sedimentation yr. shown to be reasonably accurate for the imnediatls o\crl ting

rate for each core and interpolating from the base of unit H, the silty lutites, was applied. I 'sing this sedimentation rate, the calcit-
base of unit F \%as calculated to average 1.92 m.yv ± 30.(W)0 yr with a lated age of the 49 magnetic signatures assumed to he (iaus-(iil-

951*1 degree of confidence and a range in values from 1.85 m.-\. to bert and Gilbert Polarity Anomaly 5 boundaries \%as consistent
2.19 ms. (lig. 2). On this basis, the oldest part of unit A in cores 224 and 221

The calculated sedimentation rate for the intcrsal from the base is interpreted to include sediment of Miocene age Ihis age is tenra-
of unit tI to the assumed Matuyama-(6auss re\ersal is -0.5 tie. and the combination of sedimentary parameters and nagnetic
mm 1.000 yr. This includes units i). IL. F. and G, which are signatures is the best present method of age determination.
predominantlx silty, lutite. 'Ihis is an extremely important Conclu.sions. Interpretation of the oldest sediment in core Fl.
calculation because it contrasts with the higher sedimentation rate 224 as being upper Miocene (Fig. 29) has major implications for
of the predominantly arenaceous lutites higher in the section (units interpretation of the paleoclimatic history of the Arctic Ocean. An
H to M). The contrast convinces us that silty lutites represent lower angular pebble, 1. 1 x 0.7 cm (Fig. 33). was found in segment 8 of
sedimentation rates and that arenaccous lutites resulted from core Fl. 221 -14.0 cm above flow-in and 8.5cm below the base of
higher sedimentation rates an idea developed separatcl.% on the Gilbert. This segment is in an interval of normal polarity
sedimentoogic grm.unds, interpreted as Miocene Polarity Anomaly 5. '1 his age interpre-

A '.alue of 0.5mm 1,(X)O yr forilt.y Iitites is important because tation is supported by physical correlations with core -1 224 and
four-lifths of the sediment in the lower part of the section (units ). others. 'lhe pebble is partly coated with what appears to be a

F. F, and Gi) is silt, lutite. Using this calculated \alue 10 5 terromanganese crust. '1 his coating is similar to that on pebbles
mm O.W() yr). t he less distincti\ c magnetic signatures forthe (auss described by Schwaracher and Hunkins ( 1961 ). ' he pebbles %sere

and Gilbert Fpochs (which include nearly all silly lutites) canl he from the surface of the Arctic Ocean floor and were interpreted as
verified (Figs. 2, 29). glacial erratics.

An alternate interpretation of the paleomagnetics is that all of In addition to the pebble in segment 8.a larger pebble. 1.6 1 1. 15

the interval below the Matuyama chron represents the Gauss and cm (Fig. 33) wsas found in dark brossn flow-in near the base of the
that the polarity reversal of unit 1), believed to be the Matuyama- core in the middle of segment I. 1 his pebble is also coated with a
Gauss, is of Kaena and or Mammoth age. At 0.5mm 1J)0yr.the ferromanganesecrust. Both pebblesare angular tosubangular with

expected thicknesses are 44.5 cm for the Gauss and 89.0cm for the manN facets. It is reasonable to assume that both of these pebbles
Gilbert. These values are exceedingly close to the average measured are ice-ratted. and their presence suggests the existence of some
values of 469cm for the probable Gauss in 25 cores and 83.1 cm for type of ice-ratting transport at the time the sediment accumulated
the probable Gilbert in 7 cores. If the reversed intersal of unit I) Extrapolation of the (ilbert sedimentation rate for '1 221 (,which

ssere Kacna and or Mammoth. sedimentation rates of at least 1.2 is 0.54 mm I.(XX) yr) front the (iflbeht reseisal to the pebble in
mm I.(XX) .%r would be necessar% to achieve sulficient thicknesses, segment 8 resulted in an age for the deposition of the pehhle of 5 26
I his salic for sedimentation rates seems inlikel, in s ness of the m.. . I his salue currently, is the oldest date lot the initiation of ice-
conclusions concerning loss sefimentation rates for siliN ittites. ratting in the Arctic I he pebble found in floss-it helos segnent h
I he average sedimentation rate for the Bruinhes (including supports the idea of esen earlier ice-rafting
abundant arendLeu units) is I 14 mm I.(XX) 'r I able 2) I he age of the oldest sedirient recosered (Ishi h is in I I 224)
1 hercfore. I S mm 1.1X8) sr seems a more reasonable sedituenta- %kas calculated in a simidar manner I xtrapolat in of tile (lhert

tion rate for the loer slit lutite portion of the section than 1 2 sedimentation rate (t 54 mm 1.(XXI sr)fo I I 224 ftorn the (ilbci

mm I.IXK) Sr. which is a greater sedimenalion rate then that found reversal to the sediment ust abosc flos-in segment 6 resulted in a

in the gencralh% arenaceous Frunhes chron. minimum age for this sedinent of 5 89 in % I his salue places the

The ,um of the c% ence stonglh implies los,%edimentation rates oldest sediment in Miucene resersed ititeral 6 (1 aBrecque ind

for the losser sit.tngraphit tnit, in the '1rclic Ocean in general and others. 19771 (Fig 291. which does not correspond to the normal
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Figure 33. (A) Pebbles from core FL 221. Pebble A is from unit A, segment 3, top sample. Pebble B is from nlow-in, segment 1. middle of the core. The
scale kin cent imetres. (B) A portion of the coasei fraction ( -6 3 Mm) from unit F, core Fl. 214. segment 5. sample 2. (C)IA portion of the coarse fraction I 63
pm) from unit A, core Fl. 214, segment 1, sample 1. The black particles are ferromanganese particles. For both (9) and (C) the numeral Ilis 2.8 5 mm high.

polarit magnetic signature,, ot this sedliment. I his Inconsistent: 1979), 1 hose traccs identifieid in the foissil iccoid to repieSVrII

mas hase resulted fromt an increase in sedlimnrtatirn rates in the efficient friragitig stiategres are conspiciiousk abse iii at aill depth'
Miocene or front unreliable paleomaganetics in the bottom of core in thle cettraI A rctic In conI tIs. th eflie t w 1aging sNIIategics Of

I 1 224 [ he normal polarit% magnetic signatures suggest at the %ritrr gioiip "sere shosin to be pfesent atl all depths in tire
maxintun age of the oldest iindisturbcd SedIiment it) 1-1 224 tir he Antarctic MIIChil aiid o1iiiis. 197?%h) I fiese findiings su~ggest tht1.
S 6'2 m.N. I his age is, tie oildest reliable dtte for ru-place seimnrt in despite the itakc-tossil paradigmn fiat iticieasiieiasp hild~~d
the Arctic ()cea crriirplexii\ anid sedinctit CXploitation coi telate 'Altih at d ifetei it)

While %ce heliese that these age approximations are sound, xie lo0d asilalhrlit\ theC pie-seceR (11 ;ibserc ie UI oi..-Pt1,rrr
concede that isotope data for the oldest parts of our cores v"Mild orgaiiismrs is note iuipuitatrt than depth of rt? iii siipphs ill

make ouir piositiotn inore conifirtable. I lie AictIl, sediment has trot iitruirixrttg sediMierti Irace-irissil patients% rniir b henri(-
rielded such data toi (late iiiirstoodui h\ tefeteite trr tesOUIrr.rpiiiirC ti.tIll(hi

effCIct nI pierairrit CIs it..hell. 199)

Alsir pinineti in burtl phnrtns ar ptbli rins. t11ilpeitei

St RFA( l-Sl'.1IMEN T If (IARA( 1 FR151I( S us acctitiuLtirruis ofi ice-taiteif rhbt is tIsk . frIi, i ci,, e ind 11inkiris

I 9611 Ifis ci iii lisin ii i In i 111 1irnni "101th olit "it ii s I

Birtiorti phortographs, from scetal parts ofi the cenlual Arctic stiinriiti/erf iii tire irrhlnnm ign e
Ocean shuis txsn ptrrninent features (I i prirnar sedimcntar
structures in asilt% ILMiCt matrix and (2) pebble fields I he
sedirncntar structures. mostll trace foissils. Acere diescribe(] and AN( I l( SI HI A( lf-SI 1)11 'NF I I I \ I I R I
interpreterd h\ K itchell an(] others t I97Tha. 1979bh K itchell (1979),
antd Kitihell atnd ( lark 1 1979)1 he (onirliisiri nol thtis %kru Introduction
challenges pres bus infeas concernting trace fossils arid batfismectrs

SNi haibsuriiric graudiernt Itt behlftaal cnFImpIlxts ian be Itn adinfiir t phinntngiapirr.., st1i4i .,I siitia tian fossils ii)I

interpreteui tron the \u..t pfintnrgunrpfrs IKit.. Aindo ( Lok pebble hlls. sisr1 illIe irmriin lrun- \kp 1 r 'urstihiniit'rll s111
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1he surface sediment generally consists of less than 15('i sand-si/ed (Hiall. 1973). 1 he sediment thickniess user the Alpha ( 'oriillera.
material. [ he remaining K5' of the surface sediment was studied to measured by seismic reflection techniques. is '-3004 mn (Ilal. 1973).
determine the relatise importance and abundance of silt- and clay- Ilhe Canada Aby ssal Plain and its north%%ster n ex\tensionr. thre
si/ed particles. Some 93 core tops were selected for detailed textural Mendelcee Abyssal Plain. lie to the south of the Alpha ('rudillera
analysis (App. 18). 1 he uppermost 3 cm ol the cores was (Fig. .34). H uinkinis 1 1968) reported that this ahy ssal plain has a
considered to be surface sediment. uniforrm depth of -3.X00 mn and cosers anr area of alnmost 255.MtXl

[ he result of this study is a silt-claN textural classification of knif. At its vestern boundary, the Canada Ahys sal Plain impinges
glacial-marine sediment. [ he samples were selected to provide a on thc steep slopes oft the (Chukchi Rise and the North~kind
wide geographic distribution representing glacial-marine sediment 1-scarpment. 'I hie gradual sloipes of the Canadian ('ontnental Rise
in %arying depositional ens ironments in the modern central Arctic form the southern and eastern birundaries. IIunkins ( 190K antud
Ocean. Figure 34 shows the geographit. distribution of the surface- flunk ins and Kuitschale (1907) has e frypothesi/ed that the
sediment samples as well as the bathymetric config urat ion of the occurrence of more gradual sloipes, anitd s hal lirer d er-.Irs at tre
central Arctic Blasin. eastern hou nda ry of this ah\ssal plain indicates that the principal

source of sediment is (lie eastefr portion of tlie ( 'aiiadiari
Sediment and (eomorphic Structure of Stud% Area ('intineirtal Shelf. (Campbell and ('lark (19774 iceported higher

turbidite concentrations III cores from the southeastern and
I hirt\ -one of thle surface-sediieuit samnples A ere collected frIomn northeastern portions of the ihyssal plain I his tiurhithie

the flanks of the Alpha Cordillera and its A~estern c\tcnriin. the conic''ntratior Indicates a sedimicrit souirce In the ( anadliari
*vendeleses% Ride. I li Alpha Cordiller:, is a hroad baths 'meitric Archipelago in support oft the earlier theirrs of flutnkiris ( l9681
high that reaches its crest at .i depth oh L0 XIII hv blos the rrC',ii: Sedimnits inI thre (Canadfa Ahsssal Plain difici trorn tho0se0 l the
siirface I Ihinkins and Kutschale. 1967). Althoriugh at les peisIstent Alpha ('ordilleia In that they\ hase losser corilnIIIalroris I
linear trendsI rcLur. most of the 250)- to) 804111kir ssdth ofl Ifthr''\pIN0 frrtiniria anif irecdark, urlis-gray tigra% in ciolor 1 t lk irrI iid
('ordillcra currisists iih small cdisciontinuuis ridges and smrall peaks Kutsc'hale. 1967). More significantlly. ( arrphlvl arid 'lik 11'7
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Figure U4. G~eomorphic mop of a portion of the Arctic Ocean showing the geographic distribution of surface %ample% (that is core top%) end the
hatbymetric configuration of the central Arctic Basin. Open circle% represent locations of %urface-sedimen si amples. I ocatiomsof the eight coresused In the
stratigiraphic analysi are Indicated by numbered closed circles. The water-depth contour Interval In IAN04 m.
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concluded that %ell-sorted satndy lasers comprising as much as 27'~ weight, w hereas the mean silt content is 46.4V, I he ican
of the sediment in some cores ar e the product ol turbidity currents. percentage of coarse material is 14. 11(' for t\ pe I sediment
'These deposits exhibit better sorting than those of the Alpha Type Uf Sediment. Bimodal silt-clayv histogram% (1-ig. 36) are
C'ordillera and are deposited at higher rates. Sedimentation rates as characteristic of type 11 sediments. I he finer mode consistentl\
high as 93 mm lJX00 \r have been calculated for some sites in the occurs in the 1.26- to 2.52-1im (medium- ito coarse-clal, It range, I hec
Canada Abvssal Plain (Campbell and ('lark. 1977). The high rate coarse mode is more variable in position. generall\ ini the 6.35- to
of sedimentation has resulted in the deposition of a 2-km laver of' 63.0-M~m (fine- to coarse-silt) range. In a tes% cases, onl\ thefine: tail
sediment (Hunkins and Kutschale. 1967) in the abyssal plain. of the coarse mode occurs in the silt-si/ed fractioni this indicates
compared to only 30(0 m ofsediment forthe Alpha Cordilleraf(Hall. that the peak and coarse tail occur in the coarse traction. F-or t\ pc 11
1973). A total of 39 sediment samples from the Canada Abyssal sediment, the mean contents of silt-. clay'-. And coarse-si/ed
Plain was analy/ed. particles are 16.0"j, 4H.3('j, and 15.6*(, respectistel~ A gradational

The Chukchi Abyssal Pilain lies to the west of the Canada change was noted between type I and t\pe 11 sediments Sonic
Ab " ssal Plain. It is bounded on the west b\ the Arliss plateau and poorly sorted sediments sho\% slight bimnodalits . and somc bimiodal
on the south and east by C'hukchi Rise. 'Ihe average depth iif this sediments are poorl sorted.
Abyssal plain, which covers an area of 5.000 km-'. is -2,2001 m Type III Sediment. I he third type of sediment histogram (Fig.
(Hunkins. 196h). A narrow canyon called the Charlie (iap connects 37) exhibits a strong mode in the medium- to coarse-cla% range suth
the ('hukechi Abyssal Plain with the northwestern extremities of the a coarse tail extending through the silt range. tIn soiic cases. a
Canada Abyssal Plain. Hunkins ( 1969) suggested that minor secondary' mode is found in the fine- tol coarse-silt range. %~hich
amounts of sediment may flow through the Charlie G;ap from the
('hukichi Aby'ssal Plain and be deposited on the Canada Abyssal
Plain.

Little information is available on the sediments of the (hukchi TYPE I
Abvssal Plain. Their textural characteristics are assumed to be-
similar ito those of the Canada Abvssal Plain because the WU

depositional eniwrnments ifl those tso regions are similar. Ir
Sedimentation rates determined fromt seismic and paleomagnetic a-
data for the C'hukchi Abvssal Plain are -2.4 mm 1.001r. Agroup -
(if 13 samples front the northern edge of the C'hukchi Pilain was0
analvied L

I he remaining I I surface sediment samples %%ere taken from
locations scattered oin the southern flank (it the Northrt md
Uscarpnrt and the north%%cstern boundarN of the (a nada Abyssal
Pliain

In Addition to the Arctic Ocean core-top samples. 17 samples (f ,

normal pelagic and hemnipelagic clals. calcareious oo/c. and GRAI N SIZE
siliceous on/c from other oceans and 201 samples, iif continental Figure 35. Typical Arctic Ocean type I slt-clay grain-size histogram
glacial till ue rc anal~ led. Girain-suec distrihtut ions -Acere determit ted (aample 17-19-1). The percentage of grains with diameters greater than 63
to contrast marine, glacial, and glacial-mariiie sedliment iMm, that Is. the coarse fraction, Is represented by the column labeled

charcteistcs be ocatonof hes coparaiveamleare "Coarse" at the right side of the histogram. Not that the distribution ii

chartersics Ap hedi loantion oftee1oprt1)smpe r constant over the entire fine-lay to coarse-silt (0.63- to 63.O-pm) range.

Study ciinsisted of sieving samples on a 63-Mm ( micrometre) sieve
for removal of sand and larger-si/ed particles and conducting an
electronic si/C analisis of the material that passed through the sieve A,
using a I A 11 Coulter counter. I he (oulter counter measured theTYE1
percentages (if particles in 19 class intervals between 0.63 and 63 z

Mm, or -11 iio 4 phi. Dlata from the (oulter counter andi sice ecre (
normali/ed. I he term "coarse' (as applied to particles. miides. W f
distributions, and so forth) hereafter refers toi particles larger than ~-I
63Mjm in diameter .

Fourti t% pes of silt-clalo grain-si/c (list ributiiins %serc iibscscd in

the histograms constructecd for the Nr(:ttL Ocean surface si'fiminits

f~tType I Sediment. Sediments w ith silt-clav fiistog a ms has rip a . ' -

fla striuion oser the entire I inie-clas tt coatse-silt range it0 61 tol

0~ 0 mm) If ig IS) are refenreif ii as is pe I sedlinient I fiese GRAI N SIZU
sedient ir no~orcd ad (wi, ofncal% coalamonisof ilt Figure W6 Typical Arctic Ocean type 11 silt-clay grain-size histogram

sednintsir ninsntef nd nsstof eal> qn~ila ouns f Il (Semple9S-f Note the bimodal nature of this histogram. The fine mode
and finer material I hi' amount of fine t0 o tI mare a,. hereafter occurs In the medium- to cosrse-ciay (1.26- to 2.52-Mmf range. The coarse
referred to is tt ti lis tid Irat ti' 'n. has at mean fl 19 4' ht. mode is found In the fine' to coarse-silt (6.3%- to 631-imm range.
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suggests that type III sediments are related to the bimodal Type 11V Sediment. I Npe IV sediments have a mode in the
sediments charaicterisic of t~ pe 11. [he relaitive abundances of coarse-suied or coarse-silt si/,:d traction and a tine tail extending
coarse-, silt-, and cla -si/ed particles for t~pe Ill sediments are through the tine-silt and coarse-clay class intersals. Somc tspc IV
influenced by the geographic locations from which the samples sediments are bimodal %kith a secondarN tnode in the medium- ito
%&ere taken. Type III sediments of the Canada Abyssal Plain (Fig. coarse-clay range. I[he geographic location of samples sho's
37) tend to have low mean contents of coarse particles (2.0i7; )and some influence on the relative propor;ions of coarse-, silt-. and
silt particles (31.210) and a high mean clay content (.W).Alpha clav-si.-ed particles occurring in type 1% sedimrent. Samples from
Cordillera type Ill sediments (Fig. 38) base higher mean coarse the Canada Abyssal Plain (Fig. 39) tri;d to have more silt and te~kct
percentages (1 5.2'71I and a lower mean clay content (47.7('j). Tv pe coarse grains ( mean silt content a 46= ( mean coarse content
Ill sediments of the Chukchi Abyssal Plain tend to have relatise 11l.91:i) than do those from the Alpha Cordillera (Fig~ 40)(meati
coarse, silt, and clay proportions intermediate bet%%cen those of the silt content 6 3.61'i: mean coarse contet 25. 7'0.Oserall.t - peb
Alpha (Cordillera and the Canada Abyssal Plain. (iencrally. ty pe sediments have a high mean coarse-silt content and as low mean cla.N
IIl sediments base a low mean coarse content and a high mean clav content in comparison to other sediment t~pes.
content in comparison to other sediment types.

---- TYPE III TYPE IV

w L)i

ILu

U (L

jj

T- - -r U -

GRAIN SIZE GRAIN SIZE
Figure 37. Slt-clay grain-size histogram representing a typical Canada Figure 39. Silt-clay grain-size histogram representing a typical type 11V

Abyssal Plain type III sediment (sample 50-14-1). Note the occurrence of a sediment from the Canada Abyssal Plain (sample 7S--). Note the presence
mode In the medium- to comrse-ciay (1.26- to 2 .52 -mm) range with a coarse of a mode In the coarse-ailt fraction with a fine tail extending through the
tail extending through the ailt range. The fine mode In type III sediments of fine-silt-sized and cloy-sized fraction. The occurrence of dhe slt mode in
the Canada Abyssal Piain Is probably composed of fine sediments Canada Abysali Plain type IV seiments Is believed to result from
associated with turbidity-current deposits. deposition of silt by turbidity currents.

TYP II
TYPEP Ill

TYP I
a_ cz

I K L
3: 12C

a- aT
GRI SIZEI

igr 38 Typca tyeIIsl-lygai iehsormrprsnigaGAN1
seietsml rmteApaCrilr (sml 39-6 1 maio igue4.Tpcltp Vsl-lyhsormrpeetn tm

Fs Iguren cog t Typical .ype III sl-lygans histogram representing pa wereN fon oehbthgeSea ivepootoio lyadcas

C"ordilirs sediments are asumured to indicate low influx rages for glacial particles. Type IVs sediments of the Alpha ( ordillers probably result from
ice-rafted medium to coarse sIlt, high retes of deposition of glacial Ice-rafted silt and coarse material.
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StaiiiijcaI Parametri dC11ronsitilted 171 tile gicatet NtAtidai d ds' 11 (i I tIlk ie icjti sit t11rip
cotefficient forr I ' pe 11 sedlintents.

t-he mean, standlard les tatiott (sorting coiitent), and Regard less (A geographItic iniluticcN. tpc III scfi tnew ii at e
'key. ness a tete calculated graphicalls firthc (.63-to 63.0-pm i(fine- the sniallest nmean grain w"ie of the four sed itment ts pcs I his is a
claN to coarse-silti histogram,. in order to descrtihe the si/e result oit the high cla~k cotiett reflcted hll the mtotde fit t fc li
distribution of the particles of each Arctic Occan surface-sedinrent si/ed fraction ofl t\ pe1i irisograuNs I ircsec sciflirilltts to ititthe

%ample. I hese parameters should not he considered representa- best sorting (i all A retic Ocean surface iintiplcs I heC presen1ce ii a
tise of the entire sample because thl, do not include thle coarse coarse tail orr secondars mode itt thle stlt-t/ei itititt gies these
fraction or particles finer than 0.63 pum. lhe ' are useful for sa mples high posit is skesllnesalts
comparisons betiiten sediment t.\pe%. hut~es er. I lie men tsalIues ilf Mean grit it Ni/es itf type lIV %CIIICII I I 1tr1Ci are t 'r I1ttes
each stati tictal pa ramnete r and] the mn ir coa rse. silt, anrd c Ia encotunrte red litr A retic Occant stirfacaseimnrits I lie ci is ri a: t
percentages i tk i~ing each sediment t. pc are listed in Ifable 4. iof thiese depirsits is, alsii reflected hit tire hrighliper cctt ' vc -I sit I il

Statistical tests stiere used tit esaluate the s~alidits oii this coarse sedimnrtt (' [able 41 Altiti h I tit.p I\'s gtf.trtr-srLe
cilassif icari on. I he Itest \\as used to determine the si gnificantre of i th ribliut iiis shIt oss proti tlt ced silt itt tide. tile esti rg Is poi
differences in the mean statistical parameters of the sedimnrei t tng it) thre % (Ic crain-si/c intre Itt %00 itlii' [% l ii0cs iris
t~ pesat the (.95 confidence les el. T1he significa ne tf diifferences itt Nkegat is irrean skestCN tssCoefficietits s crc s.iILI.I Iciliel l t spe Ili
standard des tations iii the mreanr statistical paramneters sts scsintirit if thec C'atnada Absssal l'lattt iti Ire Alplit (Iithl

deterttined, at tire 1)(9S soiuttietict lesel. usit the I test. VI ess I iris died \%it produlced b. Ie I:presNCe C ifl t l11Iitr tai (11 secit 0s

iit he rsise tnoted. dt itf ecvc dsri bed] Iit tiisdiwssrittt %%ere fiound ttitde Ii the clas fraiction It \pe IV seiicits 11.a\L rIIe)ii s~kLsu tess

it, be significant, Coefficients near /Cutt. \%hircir Indicates Itlit ifrit cau-i
Skess iness ctlticiciutsii ts pe I sedinricnisarevationig (the highecst iu'trtituitts are trenrks ss ttttttetriC,ilahibit ieuct~rtr rc hi

rittinterd in Arctic OCCaikrlaFkCe sedlittreits thtese saurilples is, the\ apprificlr ait tut1iil sfisttibtittit
des rate tire niost it ttia %~ inniceimtal. trial I(ist ubit ot. osit is
skesIArrCss rs11ialls ind11101cae thle prCsCIRCe ilii a oarse tail itl a ('onctusion%
tutnuitidil iistt itirti I Iis is not apparent it tire istotgramrs ti

ts pe I sii nftrt Perhaps tire si dlistribuitti (If tese set? itittis, I Uti teXTrIal Categotries Ofi Arctic OLicail sirIIk laesilitlietit tiec
siritilif he thoutgirt (1i 1is Ji p001\l stFIte ettarse l ii a ritt~nrindal tctigii/ablc 1)l t\pc 1. sedfimnrtt wtti a titl"itrtei silt-k Itsl
iitriitution stitit its irde Ii the cla\-i/'eu Iraucrurt iisttirir:, (2)1\ipe 11. sediuuicrrt sfilt a iittalst-tsIiteri

Ihe bitrioufil dtstribitiits tiit Ipc 11 reicd a rnicai skessutess iii 1 11 t.\ PC Ill, sedituCurt \kit it a101 strirti rIntf t tire citiseC-Its iltidet

I2 stb a stanfard desritutiu ii 0I 1 iris mruant saltie suggests that1 anrd 14)1\ is p \ l scufintututsil aw ritt tu )It: Ini the Ils i
lh% bei modec ofA onrw hi modal h~ist ogramsn iS r ePt CICl se C itt 1 t Ir ci It r t ge9

fi i ai prediutnittaitl\ clis-i/i sctinriutt

t he trteat grait si/c if ts pe I sedinricilt is srta~ller thanr tirit oii

t'tpe 11. a hicit reflcot ite aICtilC theli silt nirirue Ii tipe I I-*R RO%\1 &( ANIF SF %II( RONOIl '4FS
itsritt! , I he neau soirtitig coreifficint tit t\p ir1I scdiitut is
stitisthat hi ' irer rthanithlt ill ts ps' I the sr tibilits in tire sr/c Ih'striptiiin
taurec ciiseredfb ire sI ilt modtte it the t't pc 11 lrtsttretittt is

I )a 11 Ill* (I".. . .. it ( 4i 1~l fit)tr ii kk ts'?rrira ii's i rll f I cs 11Is 1nitl tilt's iii'

-co ill( .' ' . ' tit t it r Ie( si tidi-Ii/ei I r attI iIif 4 it I tht silts Iit i Ill r Ilie I It's

st iii ILi1 I Ilis's ilIr It Is's ;IrI' I I uItthIlAs' .i I ' Is l I , 1 is 1 It k st 11 1 h ' .' i ll

(1 Irt iNN. 1 L!i rr L- t Igi u Iu t(\ Ill 'Iris It t\'ill i dIiii~is filil il'\ 1

jlitI htttrut ii l( Iret lit. is ilt i tm.ti is rs tritest" t"11In

JIC tirlts'rII t itil A tri 1, 1 1 i 1\. st 11r 11,[ill s stlr .01i1

Il 111Mi ' itrt tei r'srs it it ICHt ]Il I lk t tid run tl I ,I I lit v 1

Ill rr11111 Il \k f- rI ht' I I ii f it ti Il rI I tit in ( lll Ill a Ii i iru it 1,1is

itis l r wt Iit' strl'O i l't1ill i 1 l' stihiruis" i Ii 'i r

Itsl iifll , I -inl st it oirltilrir,11 .ir1ir I\rill, ui J, .1 - Wi,i

Il, rio ri Iii1c Inuts t IjIr riir' .irlr ltl, Is , It Iii i! I ,

[d li' t Itu il siliri I livts ill illt f, i I i I iti ;,.i. hit,
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accumulation: (4) ice-rafting; (5) bottom processes insvolving Figure 121) illustrates he coarse fraction 163 pmll tor the I'

inorganic or organic activity: and (6) atmospheric dust laver in core [-1. 270. Poor sorting and faceted pehhles corinrilon to
accumulat ion IFricson and others, 1964: (Clark, 1971. 1974: Mullen th ese layers are well illustrated in this figure. Most ii) thre pchbles
and others,. 1972: 1)arby and others. 1974: Herman. 1974). Three and large grains from these units arc angular and cxhihit laccting.
sediment tk pes, clearl\ dominate the upper M iocene to Holocene striae, and other features nd icatie of glacial]\ derived sediment,
sediments of the Alpha Cordillera region: (I1) arenaceous lutites: (2) ((Goodell and others. 19681.
silt\ lutites: and (3) minor amounts of clastic. carbonate-rich, pink- Silt) Lutitles. 'Ihe silty lutites consist of (I I iiorniiil pClaPiIC
w hite sediment. Silts lutites comprise about X0Ci of most sections. sediments (slow accumulation of detrital grain, atmospheric dust.
but the arenaceous lutites are more distinctiye markers and contain and biogenic compotnents). (2) ice-ratted sedinrts, and lb)

at higher percentage of erratics (that is. dropstones). We believ e that authigenic sediments. 'I he silts lutites are character i/ed b\ ba%
the origin of all ot these units represents at variation on a single percentages of coarse sediment ( -63 pim). An aserage salute is- 51,
theme ice-ralting. tee-rafted pebbles are occasionalli, obseri ed in the silt\ lut itcs.

However, the frequenc\ is Much lower than that oi t he airnaceiius

Evidence of Ice-Rafting lutites ('table I: units I and K are primnarilx s III\ lutitesl
1-errotnanganese particles are abundant in portions ot unit I and aoll

Arenaceous tutites. Figure 33 illustrates the poor sorting. iof unit K. Apparent ferromanganese coatings or crusts are also
coarse texture, and ice-ratted pebbles commonly found in the/lones found on detrital grains. Herman ( 19741 atid It unkitis and othet,
of arenaceous lutites. Several large erratics and small, pink-white ( 1971) also described autbigenic mianganese nodule, and crusts iii

clasts friim unit .1 are illustrated in Figure 12. T1he surtaces of the ses eral cores fromt the central Arctic Ocean. I lies belies d that
lariee erratics are faceted and exhibit striae. these particles form iti areas awhere thte seim nentatiion i ates ale

I he vertical distribution of erratics is listed by unit in I-able 1. extremely low. J he sil liitites are primarily icc-iattit it) iigin but

An increase in the number of erraties per centi metre of section represent periods ot reduced ice-ratting
occurs in units .1. IL. and M. These units contain arenaceous lutite All of' these sediment types ha' e been (letined Nliat igi aphica Is

/ones and pink-a bite lavers. In addition, the standard deviation of and exhibit a continuLous d istribution actross the cetitiai Arctic

unit thickness fur units I -and M indicates a greater thicktess Ocean. TIhere is an apparent d ichiltom\ because it might be
sariabilits. This may suggest a more sporadic depositional history assumed that ice-rafted sediments Nhiiild exhibit at patch\,
tuir these units, such ats glacial ice-rafting of at greater magnitude. discontinuous dist ribution. Hoiwevser. the Tiiniia tl aes

] he arenaCcouIs lutite in the upper portion of1 unit .1 co~ntains indicate that long periods iol time are ncessars tor thec depositio oh

small. pink-a hite clasts, of variable texture. T hese clasts are pelletal significant amolunts ot ice-ralted detritus It seemsi appar[cnt that

in nature and) seem it) be ver ' cohesis c: thes' also occur in most ofI the d rift of the ice pack oser long periiid% ot time. iI brittned " t il

the pink-\a bite lay\ers. Similar clasts wcre described bs Os enshine the coiit iul icting and release ift ce-rated dettti into Ihtc

19701) during a stud6 iif recent iceberg ratting itt Glacier Bas. wlater. wuiuld explain the cuintinulili disti biluin ICC icelaed

Alaska. Hec concluded- sediments in the central Arctic Ocan

Sinalt pellets ol poo..rls sorted sedliment are ahuantn in I he niaieriil being Other Sedimentari Procesises
tatiled ito (lacier Has and uiriginalks torined "ceii cleir ice crsstals in

tolial iou hands in Placicr ice the\ prohahls me their coiereonce It ire O thet elastic sedimentlation pt ocesses in the itco oc.1
%tress lilliergitie dining placier tloa 11I present inian an iiin eqiicnce. tiie I able 5. 1 lie c 1,..suprsth:iia hti
lestit lniulaitl ito the ticarhi, esisence ot placiers 1~,,lie 97r1. p inptdi . i sic~ uprsIt datiu c

X91) ratting has been the domitnant ptuICess (If LCitIia 1 ide ( )Ckail
sedimeiitatiitn since ttielate Mioicene I his istoi a nisel eoniiiion

A good correlation exists between arenaceous, ltite 7ones and bitt has, been) examined, in part. h\ Arctic a iioikct (I tiiesoti aiid

pink-a bite layers with increased detrital grains ( Fig 9), others. 1964: H unk Insand ithts. 1971. M ullenauct ut tiei, s. I

Fitamination of grain icrosurfaces with a scanning electron Studies of ice-ratted sedintent are tea&. and it has benI COtielitit
microscope reveals texitures and teatures similar to thiise that 'thieie are nil getienall\ accepted. qitillitisels. itetirct

commitnh, uibsersedun microsurtacesoit glaciated grains (K rinsley chatacteristics" tfor ice-rat ted utebris (Gioiodell and ithtii . I Q6t. 1)

anut Doiirnkamp. 1973). Several grains exhibiting these features are 47t Fot this reason. ae tiase considered outher possibilities

illiistraited in F-igiure 43. Middletuon and Ilamptuun (1971) listed ciriten,i tiir oilitiiistriig

A plot oif detrital grains (lithic Iragments plus idetrital tour mnass-flu ic chanisnis o-r ltrspuitatiti itt sandit ant
carbonate) versus depth in core is given in Figure 9. there is a good coarser seutiments intii deep akilter turhidits cutrceis. tltuitilet

correlation ot increase in detrital grains (lithie fragment% and sediment tlows. grain flotas. atiddebtis litas Hournaan uit lilie

detrital carbonate) with sandN Ititt ,ones and pink-uhi lasers 1 1971t 1itIeCsigated the deposition ut sedhintt h% deep ouu ati

I ithic fragments fiitnd hundreds iil kilometres from the nearest currents that priidie eintoiiit ts a ntsjll 1 1104) ictsciit th

continental source are ptbhabls ice-ratted f~oodell and iither,. characteiiesr oft an tinusiual deep-Iatet itensus cittetit itcpo~it

I968 I friint the Permian IIt aest I esas

Cairbotiate malxima 1. 3. ani 7 (l)arh.\. 1975) correlate with 1\s40 niaJltt tictotsW prclu1de a1 semn- sIttIoI% I Muitle.
pink-white Ia~ers, W1. PW2 and P 1 . respertisels Arenaccins tin atit( ltanpton. 1971) ititerpnetaioit1 tot thle WIrenniill hililes

]liittle ,uine appear ito correlate wuth (arhonate maximat I and 9 Ill file audespicaut ltetal anit setltcal dititilitin itf thi

(FIg 91 trsinepeethsniiriasititlnistaare arcria~ueiis hitites t11 the tr n-iriti 1)t the tiautua sin K-11 II h
uteriseit triim glacial rcehergs during periiius ut increased glacl.1 top it the sialita Alphal ( o ~titlbt anut O It lakil Kit ti prittiut

catip seditireitat struimcs il.' tplain "iitiitiit IT) itt llicttil



I- iurr 44 4A; f-Iaciated quarti grain exhibiting high relief. %h.rp angular itutline. cionchoiidal frocitireN. %emliparuullel Orliik fratures.
featureless fracture plane%. and breakage hilick% indicatise o~f primarN glacial origin (har equals 201 .m. I "~ Ib~l -1 1 fRi I I 4At, (,jIstt aicI qurt graiti
illustrating high relief. shari. angular miiline. laRe .iirhiidal frailures. ermpoirallel steplike feattirts. and breakago, hI.. Lshara. terisiu 41mrmutar
glacial originfihat equials 401 in. I %% 1681I-2i 1( 11I 228 l(laciated grain displasing high relief. sharp angular outline, randwin stru~it..I,. larR, ti-si... Misial
features. semaiparallet seplilte fractures, and breakage hl1iclks uggeslIse if primaro lca rgroia qas41n I k% lt.l Ii (DOi I Mi *. ti-Irdraiil
re,rkrd glacial grain Nsite impact piits prihahl, dlue 1I.transpisrt this grain eshihils a high relief, sharpi angutlar suln.%-s~aal t~lihit fturwes.
and hreakage hl%isndilaise sif glacial origin that equals 401 -m . I "A IfN 1-
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lutites (Table 5). A comparison of arenaceous lutite units with the tests are rare. Unfortunately, there is no way to measure the relative
Canada Abvssal Plain turbidite in Figure 6 (Campbell and Clark. contribution to the sediment in the Pliocene and Pleistocene of
1977) clearly illustrates the differences between an Arctic Ocean normal pelagic sedimentation, including atmospheric dust. eten
turbidite and arenaceous lutites in this study. In addition, X- though recent atmospheric contributions have been estimated
radiographs failed to reveal primary sedimentary structures in any (Mullen and others, 1972; Darby and others. 1974).
of the units. One possible objection to the ice-rafting hypothesis is that an

The size sorting and abundance of primary sedimentary ice-rafted sediment might be expected to have a patchy.
structures in contourites (Bouma and Hollister, 1973) and density discontinuous distribution. In contrast, the distribution of the
current deposits (Harms. 1974) eliminate these deposits as possible arenaceous lutites in this study, is regular. The argument that ice-
models for arenaceous lutites in the Arctic. rafting could explain this pattern is as follows. It would have taken

Table 5 shows that features of arenaceous lutites resemble the -46,000 yr for the deposition of unit F (average thickness of 13.76
expected features of an ice-rafted sediment. cm) at an assumed sedimentation rate of 3.0 cm 1.000 yr. Even it

Ice-rafted deposits are generally beliesed to hase been the sedimentation rate was 10.0 mm 1,000 yr. it would have taken
transported by icebergs. Although criteria, notably a striated and -14,000 yr to deposit the arenaceous lutites of unit F. It seems
polished glacial pavement, have been established for recognition of probable that the clockwise circulation of rigid pack ice would
tillites (Dott, 1961), no characteristic criteria for the identification ensure a widespread and relatively even distribution of glacial ice-
of ice-rafted sediments were vigorously defined (Holmes and rafted sediment averaged over several tens of thousands ofyears. A
('reager. 1974). Dolt (1961) believed that abundant, widespread rigid ice pack may have even accentuated such a distribution.
erratics were best explained by ice-rafting. Bottom photos reveal that much of the Arctic Ocean floor is

Expected features of ice-rafted sediments include poor sorting covered today with glacial ice-rafted gravels (Hunkins and others,
with abundant matrix and pebbles, variable thicknesses, and a lack 1969; Schwarzacher and Hunkins, 1961).
of most primary sedimentary structures. In addition, the presence We conclude that the arenaceous lutite is ice-rafted and that the
of abundant quartz. chert, and lithic fragments of continental silty lutite is best explained as a combination of ice-rafted material.
lithologies in the sand-sized fraction of ungraded beds sevLral pelagic sediment, atmospheric dust, benthic tests, and authigenic
thousand kilometres from land suggests ice-rafting transport ferromanganese particles. For example, in the upper portions of
(Goodell and others, 1968). The clockwise drift of ice over the unit G, planktonic Foraminiferatestsareamajorcomponentofthe
western Arctic Ocean ensures a widespread distribution of detritus. sediment and suggest a major pelagic contribution to the sediment.

Also, authigenic ferromanganese particles are more abundant in
Conclusions the silty lutite.

All of the features expected of ice-rafted sediment are Summary
characteristic of arenaceous lutites and, to a great extent, silty
lutites of the central Arctic. As indicated, pebble-sized erratics are While the conclusion that the bulk of the late Ceno/oic
most abundant in the arenaceous lutites. Evidence that these sediment of the central Arctic is of ice-rafted. glacial-marine origin
pebbles were ice-rafted was summarized by Mullen and others appears convincing, the age of the initiation of ice-rafting is less
(1972). Pebbles reported in other Arctic Ocean cores were also firm. Poore and Berggren (1974) concluded that "a major portion
reported as being ice-rafted (Schwarzacher and Hunkins, 1961). of the Labrador Sea experienced significant ice cover during the
Ice-rafting of sediment similar to the arenaceous lutites occurs early Late Pliocene." Berggren (1977) elsewhere concluded that an
today in the Arctic Ocean (Stoiber and others, 1960; Hunkins and early Pliocene elevation of the Isthmus of Panama and subsequent
others. 1969: Schwarzacher and Hunkins, 1961; Holmes and mid-Pliocene initiation of polar glaciation and formation of the
Creager. 1974). The sand-sized fraction of the arenaceous lutites Ltabrador current preclude earlier Arctic glaciation. We conclude
also resembles the sand-sized fraction of sediment interpreted as that there is evidence in the cores that initiation ofthe central Arctic
ice-rafted from other oceans (Kent and others, 1971). glacial ice-rafting preceded that of the Labrador Sea by at least a

Ice-rafting may also explain the distribution of unit F if the few million years. Our age for initiation is actually a minimum
existence of a pack ice cover similar to the present one is assumed. It because ice-rafted debris was accumulating in Svalbard as early as
is possible that the thinning of unit F northward toward the Alpha the Focene (Dalland, 1976).
Cordillera (Fig. 15) is not a function of decreasing water depth but
rather a result of thicker and more rigid pack ice nearer the pole.
Aagaard and Coachman (1975) reported that summer melting and GI ACIAI-MARINE SEDIMENTATION PROCESSES
open water are now restricted primarily to the margins of the Arctic
Ocean. Thicker and tighter ice would mean less ice movement with Introduction
correspondingly less subice deposition compared to areas of
thinner, more open ice (Hunkins and others. 1971). Comparison of the grain-size histograms and statistical

The wealthof evidence for ice-rafting and the lack of convincing parameters of East Pacific Ocean pelaR , clays and Arctic Ocean
evidence for any other depositional mechanism suggest that ice- clay-rich, glacial-marine sediments (type Ill) indicates that
rafting was the dominant mechanism for deposition of the similarities exist. In fact, it appears that the major textural
arenaceous lutites of this study. differences result from the presence of greater relatise proportions

The relative contributions of other sediment types to the of silt in the Arctic Ocean sediments The most striking similarit.
arenaceous lutites are small. Ferromanganese particles are rare it, between the two clay-rich sediments is the occurrence of a
the arenaceous lutites. Both planktonic and benthic Foraminifera pronounced fine mode in the medium- to coarse-clay range Ihis



TABLE 5. PRINCIPAL CHARACTERISTICS OF SEVEN DEEP-SEA DEPOSITS AND THE ARENACEOUS LUTITES IN

THIS STUDY

Characteristic Turbidites Fluidized
sediment flows Grain flows

Size sorting Moderate to poor Well? to poor Well? to poor

Bed thickness Usually 10 to 100 cm "Thick", 1.5 ni- "Thick", 1.5 i+

Contacts Top poor, bottom sharp Sharp Sharp

Grading Normal common Normal rare Reverse in coarse

Cross

laminations Common Contorted? Absent

Horizontal

laminations Cotmon Common, diffuse Common, diffuse

Massive bedding Common Common, dish structure Common, dish structure

Grain fabric None in massive Absent? Imbricate up-flow

Matrix (<
2
LJ) 10% to 20% Absent-minor Absent-minor

Microfossils Common, intact Absent? Absent?

Plant and Common, well
skeletal remains preserved Absent? Absent?

Pebbles Intraclasts Intraclasts Intraclasts

Scour or
load structures Common, ubiquitous Comon Common

Lateral extent 1 I 105 km
2  

100's km
2
? Local

Characteristic Debris flows Contourites Density current
deposits (Harms, 1974)

Size sorting Very poor Well to very well Well to very well

Bed thickness "Thick" I m+ <5 cm 2 cm to m

Contacts Sharp Sharp Sharp

Grading Poor reverse Both Very uncommon

Cross Common with
laminations Absent heavy minerals Common In sands

Horizontal
laminations Not likely? Common Common in slitstone

Massive bedding Common, dish structure Absent Common in sands

Grain fabric Clasts parallel bed? Parallel to bed Parallel bed in sands

Matrix (<2p) Variable 0% to 5% minor

Microfossils Possible? Rare, broken Absent in silt

Plant and Rare, wso, Common in sands,

skeletal remains Possible? or broken rare in silts

Pebbles Common Absent Common in sand

Scour or

load structures Possible? Common? Common in sand

Lateral extent Local? Local? 100's k.
2
?

Characteristic Ice rafted Arenaecous lutites
in this study

Size sorting Poor to very poor Very poor

Bed thickness "Thin?" to "Thick?" 2.' it to 36. -i

Contacts ? Varinhie

Grading Possible? Absent or very vague

Cross
lamin Lations Doubt f I ? Absent

Horizontal Thin lovers
laminations Possible? Varven? and sobonlts

Massive bedding Expected M,~tcost on

Grain fabric Absent? Absent

Matrix (<2W) Abundant 202 to 40t4

Mirrofossils Variable Very rar,.

Plant and One wood I ragment
skeletal rema Ins Both are possible no skeletal

Pebbles Common C,mson

Scor or
load strictures Absent Absent

l.atral extent Extensive? I X 10 km

Ii
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size range is characteristic of the fine mode that is present in the been reported, but Hunkins and others (1969) measured traction
histograms of the pelagic clays, the clay-rich glacial-marine current velocities of4to6cm sontheMendeleyes Ridge-iraction
sediments (type 1ll), and the bimodal glacial-marine sediments currents in the Canada Abyssal Plain with velocities ol 1.5 to 2,6
(type II). A secondary mode in this size range also occurs on the fine cm/ s also were reported (Galt, 1967). Because so few measurements
tail of some slightly bimodal, nonsorted type I glacial-marine have been made in such a large ocean basin, it is possible that this
sediments, data does not give a realistic picture of the Arctic Ocean traction

The presence of the fine mode in the same grain-size interval in current regime.
all of the pelagic sediments and in the majority of the glacial-marine According to Hjulstrom's graph (1939). which related flow
sediments that were studied suggests that the deposition of clay- velocity to erosion and transport of sediment grains, a traction
sized particles from suspension is similar for all of the deep-sea current with a velocity of 45 to 60 cm s would be required to cause
sediments that were examined. This conclusion, although entrainment of the medium- to coarse-silt fraction. This size range
significant to the understanding of glacial-marine sedimentation, is is represented by the reduced interval in the bimodal and clay-rich
not too surprising because clay particles, owing to their minute size, Arctic Ocean surface-sediment distributions (types II and IM.
are the most likely to be affected by marine processes in the water Traction currents with velocities of 1.5 to 6 cm s are not strong
column and are less susceptible to postdepositional processes enough to entrain sediment of any diameter (Hjulstrom. 1939).
(Inman, 1949). They are capable, however, of preventing sedimentation of

Ice-rafting in the Arctic Ocean releases pebbles, sand, and suspended silt and fine sand. This indicates that the Arctic Ocean
coarse silt that settle quickly to the sea floor. Finer grains (clays) are bottom currents described by Hunkins and others ( 1969) and Gait
more likely to be distributed across the ocean by marine transport (1967) are not capable of entrainment of silt-sized grains during
processes and mixed with normal pelagic sediments entering the reworking. These traction currents are capable of redistributing
basin. This accounts for the uniform deposition of the fine mode coarse material before deposition, however.
that is found in all but a few of the deep-sea sediments that were Several authors (Heezen and Hollister. 1964: Chriss and
examined. Frakes, 1972) suggested that the relationship between flow velocity

BecausetheclaydistributionisconsistentforallArcticand East and entrainment of marine sediment is shown by the graph
Pacific Ocean deposits analyzed, the differences in the silt-clay constructed by Mavis and others (1935). According to this
grain-size distribution of Arctic Ocean glacial-marine surface- relationship, the flow velocities required for erosion of incohesisc
sediment types must be interpreted as the result of variations in the sediments decrease with progressively finer sediment, If this curse
medium- to coarse-silt-sized fraction. Other students have pointed applies to Arctic Ocean glacial-marine sediment, traction-current
out the fact that silt-sized particles are susceptible to transport by velocities of only 4 to 5.5 cm,s would be sufficient to mobilize the
ocean currents in the water column and are the most easily eroded medium- to coarse-silt modal classes missing from types II and III
from bottom sediment by traction currents (Hjulstrom, 1939; sediment (Heezen and Hollister. 1964). Currents of this intensit.
Heezen and Hollister, 1964). also would entrain fine grains, however. Therefore, interaction of

traction currents with incohesive sediments probably could not
Processes That Modify Silt-Clay Distributions result in a bimodal distribution as found in type II sediments.

Also, the assumption made by Heeen and Hollister(1964) that
Silt-distribution variations in surface sediments can be marine sediments are less cohesive, thus requiring lower flow

accounted for by changes in the relative proportions of silt and clay velocities to cause crosion, probably is not true for glacial-marine
in the original ice-rafted sediment, by modifications of grain-size sediment. Antarctic glacial-marine (leposits have been classilied as
distributions during deposition, and by postdepositional rework- compacted to overcompacted (Andcrs n and others. 1977b Fillon.
ing. The relative proportions of silt and clay transported by ice- 1972). which suggests that they might be more cohesi\e than
rafting may differ for different regions of the ocean basin. If it is normal pelagic sediments. No compaction data are arailahle for
assumed that the sediment content of glacial ice is not variable, the Arctic Ocean glacial-marine sediment, and the Antarctic sediment
grain-size distribution must be modified after the sediment is has been reuorked by ground ice: therelorc. a direct comparion
released from the ice. This modification could be accomplished by probably is not possible.
ocean currents high in the water column, or sediments may he Anderson and others (1977b)-and Barrett I 1975) stated that the
reworked by sea-floor currents action oif bottom currents results in stratilication ol continental

Reworking by Traction Currents. Fntrainment of silt-sized shell glacial-marine deposits Stratification is not common in
particles by traction currents (bottom currents as opposed to the Arctic sediment cotres Widesprcad erosion ol narinc sediricint
currents occurring high in the water column) may he important. In probabl ' should reul ii the common occurieice of malor uron- .
the Antarctic. continental shelf glacial-marine silt distributions in Iormitie, in sedirient cores (I llon. 1972). 1 his is, nt the case hor
shelf deposits are the result of entrainment of silt particles by low- the Arctic Occan cores. for which onl% a lcw dfinte iinurrrlotmil-
intensity traction currents (Anderson and others, 1977b; Barrett. ites hasc heen recognized II ig 2S) Although thi es\idcncc is no
1975: ('hriss and Frakes. 1972). As bottom-current intensit conchisi.c. it suggcsts that resorkingis ininiror theccira IAtlc
increases,. very fine silt to coarse-silt grains are the first size class 10, sediment
he mobilized. Frosion ol sediments coarser than coarse silt requires Reworking Due to Biolurbation trr (eochemical Alteration.
stronger traction currents because of the larger size of1 these grains l.ot Arcti( st fact sedimcnts. hiturhatiun inas be a (ctor in silt
Conversely., the greater cohesiseness and lowser hed roughness ol red ist ribt il. Althmuigh buirulnri is not e-ltenis e iin th 11
clay-sized particles mean that clay-rich deposits also require higher rppermost ceninictrcs or the Arctic co es, hothti phor raphs
traction-current velocities for entrainment (Inman. 1949). indicate that hluragirig IcI' oh matine oiganismi roci i

Few measurements oif Arctic Ocean bottom circulation hase 'igrihlicarit pollln of the Arctic Ocean floort Kitchell and (lak



16 CLARK AND OTHERS

1979). The effect of marine organisms on sediment silt-clay results in a bimodal distribution. Thus. the fine mode consists of the

distributions is not well understood, although recent time-lapse pelagic and glacial clay and fine silt that are deposited uniformly

photography of an Atlantic site suggests that modification of over the central Arctic Basin. The coarse mode is composed of

sediment is more rapid and temporary than previously thought particles too large to be distributed by currents higher in the water

(Paul and others, 1978). column.

Barrett (1975) demonstrated that even small amounts of Type III Sediment. For clay-rich. type III sediments, the

hornblende in unconsolidated sediment is good evidence for no amount of ice-rafted debris is small in proportion to the amount of

extensive geochemical reworking of that sediment. This unstable clay being deposited. The fine mode dominates the distribution.

mineral is present in small amounts ir smear slides of the Arctic which suggests that the rate of ice-rafted silt influx was reduced

sediment, during deposition of these sediments. Another possibility is that the

Modification of Silt-Clay Patterns by Mid-depth Oceanic rate of deposition of ice-rafted silt may have remained the same. but

Currents. Another oceanographic factor that may be important to coarse material was diluted by an increase in the rate o deposition

glacial-marine sedimentation is the effect of currents that occur of fine-grained pelagic sediment. The addition of fine material.

high in the water column. As with bottom currents, little diluting the coarse-silt fraction, results in a histogram exhibiting a

information is available on Arctic Ocean mid-depth circulation, mode in the clay fraction. The additional line sediment ma% be

Coachman and Aagaard (1974) detected current velocities ,arying combined pelagic and glacially derived claN and fine silt or may be

between 0 and 5 cm s at depths of 2X) to 9(X) m. Strong %elocity sediment transported by turbidity currents,

pulses of less than two weeks duration, reaching intensities of 57 Type IV Sediment. lype IV sediment is the result of the

cm s, have been measured (Gait, 1967). 1 hese measurements deposition of a proportionallN large amount of medium to coarse

suggest that currents high in the watercolumn. capable ofaffecting silt. In some places, this may result from the remosal during

sedimentation of silt- and sand-sized particles, are present in the sedimentation of fine particles or the addition during sedimenta-

central Arctic Basin (Hjulstrom. 1939: lee/en and lollister. 1964) tion of medium to coarse silt separated from type II sediment

but are extremely variable. If we assume that the present input of particles h currents in the water column. A more likels

ice-ralted sediment is constant and that bottom reworking does not explanation for many type IV deposits of the Canada Abs,,sal Plain

alter the silt-clay distribution after deposition, then the sariability is that the well-sorted silt results from deposition at the distal end of

in position of the coarse mode occurring in types II and IV turbidit currents. Campbell and ('lark (1977) ha\e discussd this

histograms could be caused by fluctuations in the intensity of type of deposit.

currents high in the water column that distribute silt-sued particles.

this could explain \,hN the coarse mode ranges in position Summary

throughout the very fine silt to coarse-silt ranges (6.35 to 63.0 pm.

The bimodal distribution characteristic of txpc II glacial-

Conclusions marine scdinment (and Ihooss hib man. saniples of t pc [ sed i merit

suggests that the clay-si/cd to fine-silt-i/ed haction and the

limited data are available, but it appears that mid-depth medium- to coarse-silt-si/ed fraction of Arctic Ocean sitfacc

currents are the most likel' factor in modifling grain-si/c sediments are deposited on the sea floot hx ,lighitl difelent

distributions. For this reason, the deposition of Arctic Ocean mechanists. Normal pelagic and glacially dericd fine matelital are

glacial-marine sediment should he viewed as a complex process distributed uniforml, mer much of the central Arctic Basin I Iris

dependent on (I) the velocity and depth of currents in the water distribution results in the deposition (t sedinents tfat tnake up the

column. (2) the original grain-si/c distribution and time of release linte mode that is obscrscd in io Arctic ea-flooit dimeniN ;itlsa

of ice-rafted sediment. (3) the rate of ice-rafting, and (4) the all F ast Pacific pelagic cla\s ithat were araf,/ed Mediurn- to

bathymetric configuration of the basin, coarse-sift grains are distrihutcd to a lessel esternt io\11rg to their

If we accept these %ariables. the four types irf Arctic Otean large dianicters,.

glacial-marine sediment in the surface samples are explained in D)eposition of coarse-silt grains is funttiort of seseral lfactor,

terms of ariations in the relatise proportion of ice-ralted. rtedtiim- I pe I sedinellt i, the least all(ted b\ nalie prokcew',. \% itetias

to coarse-silt that reaches the sea floor type If sedittent appe;ir to faise been altered %light[\ h\ riltiric

Type I Sediment. the deposition it normal pelagic and crrcnt,, that eniosei the fic-silt-ractiot. \0101 tic esli'c III a

glacialhN derised clai and fine silt (line mode) is considered hintodal htsiograt I .pe Ill sefienti resuls hon intreoc,s in ttfc

constant ocer the entire has i|Fr rdeposition of t\ pe I sediment to relat se prot- , i ons til nrmal p fagic and glactal h dcii\Cd clai\

take place. the rate o input tf ice-rafted silt must he high enoigh to an(f fine sill. and type IV sediment is the rtcuft f arn IiL tcasC III tie

reduce the proportitn of normal. well-sorted pelagic and lacialh relati e proportion of medium to coarse silt I hC stuirLce ,f The

iferited fine material compristng the fine nmode sio that a additional silt may be glacial ice-rafting or ttihidrs t Utents

(listribution exhibiting little esidence of sorting results T he effects of the reworking of Arctic ()ccait seitnniett h\

Ti pe II Sediment. Marine processes has e greater itmipact Ott hottom currents are believed to be mrininl hecauC 'it on,istiV I\

Is pe II deposit, As the coarse-sedinent particlc, fall thirough the low current velocities reported for the central Arck |iasin antdf the

w.aiterctrlimn. portionsf cthenoeditint-tirse-stliClassesat
"  compacted nature of glacial-marine seditnnt flit citi tiostr1ion Is

separated frot the ct.'airser silt and sand h\ currets that ran'pe in supported by the variation in the st classes Included it t ie Lo. "

intensits Some (if the sill us dist ributed h\ t ht.,s currents and ria, mode observed in the silt-clay distributions of t\pcs 11 and I

he deposited with Other citorse scedittnts
, ti0 firm is pe I\ ieposits sediments. The lack of unconformilties and of stratificatiton it th"

The silt partlcle, that are tOO itu .i be distrihuled are dfeposited Arctic cores also suggests that traction currentsdo not plsi a Intlat

tin the sea liotw Aong wtth pclagic and 0l1k tal dfenled cl,',s, this role in Arctic deep-sea sedimentation
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COMPARISON OF ARCTI('SEDIMENT WITH OTHER 0

GLACIAL AND NONGLACIAL SEDIMENT

* The Arctic Ocean textural categor ies (I to I V) were compared to o-roucio
non-Arctic glacial-marine sediment, terrestrial glacial tills, and Q

*deep ocean pelagic clay to determine similarities and differences. ci-
Our purpose was to determine if the Arctic textural categories were -

unique or the same as those developed in the non-Arctic
* ensironment.

Non-Arctic Glacial-Marine Sediment

-Io proovide comparaltve textural data from non-Arctic, high- ~ oo 20 00 40 A~ t

latitude sea%, 106 sample% of sediment descrihed in the Initial .'-

Rep~orl. iof i/it' Deep Sea D~rilling Proleo'i and the core descriptions GRAI N SIZE
of the IJSNS Elhwninitas has ing glacial-marine or ice-ralted Figure 4. Typical silt-clay grain-size histogram (sample E27-12. 1" to
origins wsere ribtained (Laughton and others,, 1972: 1 alwani and 193 cm) representing a possible fifth sediment type found in some noni-
o'thers. 1976: Kulm and others, 1973: [rakies. 1971: Gioodell, 1965: Arctic cores. Statistical tests revealed that histograms ofthistype were not
(inoidell. 19691. '11wents -oinc sam ples (if glacial-marine sedimecnts significantly different ftrm non-Arctic type III histograms.
also were obhtained from Kara Sea cores descrihed b% Andre%%
ff973). lnclusion of these data makes it possihle to doeeliop at more percentages were signilicantlN different ft -2 21 aind 7 32 -o'mipjired
gencraliied defirtition (if glacial-mnarine sediments anid ciorrpare to at critical salue iof L98): hoaeser. mean grain si/es ssete not

depiisitional processes in Arctic and noin-Arctic marine ens, ton- significirntl% different ft 1.69). Os erall. these staii,.stisggest thfat
ment s the Arctic and non-A retic t\ pe I sedimients are significantl\

Sediment samples anals ied fin this phase of the research awere dfitferent hut related
selecteod oin the hasis oi inforrmatoin co'ntained in core descriptioons A fifth histoogramn t o pe. so'mea fiat similar to Arctic t\ po: 111, \%it
supplied in the refernces listed ahuose I hec ciatia used to select lound in sescrail nion-Arctic Co'res (1127-12. 1 12-6o. N K I1ff. arid
samples ot glacial-marine: sediment acre piior soiling, lack ''I NK 115S). Histoograms of this t\ pe. illustrated fit Iigorte 44. csfihot it
primar ' selimentaro structures, presence iif clasts ior *'pellcts" unimoifal dlistrihution. I lie uoidc is in the 3 14- to If0 fX-Pni

)s ens hi n. 1970f). a itunda nt coarse silt artid sand. ando thle I ciiarse-cla -o toi fi ne-silt) range Mean aiisof trieai giit si/c.
oicculrre nce oil erratic pebhles desc ribeid in the ciore l ogs, as heinrg of solrt ing coeficiden t. s keswntess coeff iciet. art(] etc CICltcats
glacial ice-ratted oorigirv I lit geougraphic locatiion of the cooring site particles for the poossihle fifth hisioogrom isope \%ere lotind too he:
%%is also' coinsidered. Sites selecteod are near past oor present soul ct' itiertfc(liaf hctss ecri thfiose para meters ofescrihitog roooio- Arkt
oil' glacial ice. Samples, swere analoo/ed froom rine coores. ( ores %%ere sedimenit t~ pes III ando IV Statistical tests cootpaiig thec nivari
taken froont the Noorth Atlantic Ocean. Gulf o'f Alaska. (ireeniland parameters of roon- Arctic lo pe IV and tfit poossible fifthi sctinivt
Seat. Weddell Sea. Southern Indian Ocean. Ross Sta. Blelling- t.\pe suggest that the'se twio t\pt' alt' sigrifucarutls offferut I III,
haioi Sea. anol Kara Sea. I he latitude. loongutioft. depth. indf \%is expected since tire poossiblte lfift Ispe appecared to he ruoos
length oil each core sampled during tis part 'of thie prootLet are closet~ *n elateof to t~ pe III hisnogranis I tic I test \tiiICs A ali,-
listed in Appendix If;. lif fot -ooutpatisoons, of st'oliuit rs pe 111] ando the poossihlt fiftfm

t he sult-cla\ graun-su'e histograims dft'sluoped froom these' sedfimenrt t pt' has'd ooif meiii gtaiti si/c-. soorlitg oocffocoo'tot. aniid
samples shooaedl three histoigra m t,\pes similar to Arctic O CLean skea ness \acrc I 9X, 1 ff7. a nd I 26,. re:spectis esI\ fioe sohu
stedimt'rt istograrro ii pes 1. 11I. mit I' Another fustoporan) t Pt'
not foound if in\y of the Arcic OCe;iro seditrts flsoo JIO"oclrs Ili-g TABi I (,. NI.-ARI ' I J. .IMAP )'d IdM NI I I l

0
' ', Al

44) 1 ht' mt'an statital paramt'ters and relittise proopoortionts oof 'APAMI I I P', ANDl, Ii Al I IVRIW iO.'l'I I .0 I F

graoto-si/e fractions foor the riout-Arcric stedimetnt t Pt's art'
siummaro/edi n I ilt 6 In this taible. all sarnplt's %t'rt' groonpeilo. .

toogether to proo oft statusticaills sigrooficoitt roiihtr oft ech M,

sedinourdt Pt.p I his groruping of dfita rri.ikes rnrer-priator 'of .o ~ . . 0, 0 0

decposooooral cnsoroonnwruts reprcset'rtto h\ o ifiual orcs
dirfficuilt Fbmouacr. tht' min prrpoot of tfuos pitt (of Ift' p1000c, I %as.. I.N

too oht ion ictt'stura Iaftialo, scs% of noor-A rct o sed rfittts tor Ill0 . -I

kooopaoIatIse prirpos faither thi to otrro itniitlIndi\oofii.1l korts e ' *

orrpuiroson -of fIt' nirii slfi iacl paiutictrs (floIot grairr

5/' ortinltv ot tocrit. irno tflo'if ponmorit taoft' p.IrtoLCles it the-,0.

foooroo hv'tao'et *irktlt I) i'm soofimnrot fs pe III irio lI\ iroof sirroiur ' I 0

hfistoiroros monst roit l'o11oor noooroA 
tm
r tit ch mt' ertitts I ior \I(t ti it nd . .0

non- 'siti tspo "I lcoiort, 'is of 1t it oos'fo 1,nitls 'Iito f se1t
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are less than the critical %alue of 2.03, which suggests that t he two

seietytpes are not significantly different.
Bimodal histograms similar to Arctic Ocean ty pe 11 silt-clay O

distributio~ns were not observed in any of* the nion-Arctic sediment
cores.

Z
As a group, silt-claN distributions for non-Arctic sedimient tend W

to hase lower mean grain si/es than their Arctic counterparts. In M
wU

addition, non-Arctic sediments general]% are better sorted than CL

Arctic sediment types
X

(.Iacial Tills W

[he comparison of Arctic glacial-miarine %k it h notimarine

glacial tills %ias accomplished bN using samples f ronm the upper
Pleistocene I Valders) tills collected in eastern Wisconsin. I he ease * A 4

of sample collection motisated this choice. . --

Most iif the Valders tills collected exhibit poorl% sorted grain- GRAIN SIZE
sie distrihutions (F-ig. 45: App. WI. In man% iof these poorlN sorted Figure 46. Unimodal silt-clay grain-size histogram representing a
histograms, a definite niridericcurs in the fine-tio medium-silt range sample of silt-rich glacial till of lale Pleistocene age (Valders till sample
F ig 46) 1 his t'~pe oft histogram hasslinte similarities to the grail]- 0il). This histogram Is similar to central Arctic Blasin type IV histograms.

si/C is t ri butitons iif hot h t % pe I and] I% pe I V A rct ic Ocean rsed iment.
F-Nsa mi nat irit of the meal] statistical para meters and coa rse, silt,
and clas mean peccentaies% ( [able 7) indicates that the tills are
sirmeshat similar to the ninsurrted type I sediment. I hesignificant
dilferences, between the Valders till and Arctic type I sediment
prribabl% are the result (it higher contents of silt and coarse

sedimniit frir the tills Z4

E~ast Pacific Ocean Pelagic Clays

I be importance of the clais- toi silt-suecd material tit thle Arctic - I
%itis .1 actor in the selection of nirtglacial. marine sediment for j
comparison I he last Pacific pelagic class u~ere used becauise iof

sinirlar textuarcs
Samviples iol pelagic clay collected friomn the I ast Placific O cea n .

exhibit grain-suec distributions (Fig. 471 and mean statistical
parameters ([ able 7) similar lio thiise found for Arctic Ocean T 5

surface sediient type Ill li able 7: App ID). Thec I-ust Pacific .

pelagic ci sare characterried by a uinimodl tdist rihLiori hasing a GRAI N SIZE
strong miide in the medium- to criase-clav traction atid a coars.e Figure 47. T ' picai unimodal %iit-cla% grain-%iie histoigram representing

an Fast Pacific Ocean pelagic cla (sample Mn74-t2-l 2-2). Note the mode
in the medium- ti' coarset-clasi (1.26- tii 2.5 2-pmt range. I his mode is similar1 t- t he fine m ode described itor centralI A rctic Basin sed iments of 1.% r% II a nd

-j tail tin rh silt raiigr I lie' mlCii 11 Viti sll WC I t he lplgk [la% andl
C-) . INV Ill ser)illicils oif Ie C anaifa Abs saI PLoi i resinia I lie

---- __standalrd rfCsiatitii of t0e nitcati griiiir si/c Il tOe plilgic klass is

l~Iter, this pyoial% indicatesa slihls mirini iiiifili rlcposiiirrnmil

ireess, In .trlrlimni. 0lesC irg '~i cii ilfiri &riltintis il

id rhe ['So serfinirr us1c atcir dullereiui 'Ais Iic the layur lass betru1

less satiableI t 11CLMCR (It rreco .i pWIUUiidi itiile Ill lilt tlas

s alkics

GRAIN SIZE Bt__________ -I(I dntti tPlon lnfi w
Figure 45. Rectangular silt-clay histogram for * sample of nonsored Fsruriiigiiih r I ulrirtrp onilri

gilacial tIll of late Pleistocene age fValderstll sample 1191. This histogramm Njll 'Sr4ii rte. Perletal ierpitalll ofi rihIxucrapt Nir iii airlt hol
similar to central Arctic Basin type I histograms. "Srt ti in siineri ,rri be (list tissei
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LABLE 7. MEAN STAIL1T CAL PARAM4ETERS AND RiELAI I TA PIIPOHI IONS OF : I N SIZ co nine nt al shelf glacialI- marinc sedimentat ion. - I)po i tion (if
FRA( I IONS FOR SAMPLE OF0 VAIDiRS (;LACIA rLOT ANDi F5AST IA( IFIC (WEAN CLAYS Arctic Ocean. deep-sea glactil-marine sediment is assmned to

- occur fin a different manner hecause of the incieased importanicc oi
M,.t~ ~marine processes in distrihution of lfine-grained glacial an ri plagic

S.~d irrint Sr- SE k-- 2 sediment.
I-p -s,. (""I" Sil .1' N". Anderson and others I 1977h) desciihed compound par at ills as

sediments enriched in silt and] cla transported h~i marine "cunlis
E-1kt t.ifil F. . 15 L i7 'Ior the non-Arctic continental shell glacial-marie sedimecnts.

()' gt ' 'I"1-4 . .9 0. 1 1.4 h.1 12 compound paratills ma% he represented h.% tl pe III lostogra his

I... P-cjI I Non-Arctic type IV histograms ma\ represent residual paiatills.

p~ltgl., h .07, II .. 46. which Anderson and others. I I1977h) have descrihed aits AA inostet
muddy sands proiduced bAA the riirsal ol sili-si/et Particles hi,

SI-t-d DI.A i, bot tom currents. Ort hot ills are nonlst rted . iinstirati led malinre
sediments dented directly Inom melt intg groti ited glacial cct

4.ldA,-~t -11 .. 1 11. 1 . (8 Anderson. 1977b). [his oiriginal, unalteredl mnatreial Itia\ he

I represented by non-Arctic t.\pe I histoians.
0.1 51 0. 1 . I.s An assumption essential it) this classification %tscme and To

F- ait I,

h1 -. .i -5 . . m uch ol t he litcrat ftr till Anta rct ic coiiti nental shell glacial-Ina ii-
0. sediment is that the oiriginal graili-si/e distributinir i e-ratted

sedimetit is knirisn ti he etnsistentl\ noitsorted atit represeitil b\
[h e line nitde that characteri/ed the Arctic Ocean glacial- the rectangular IA, Pe I histogram. It glacial ice raftled sed ilictnt hias

marine sediments and Fast Pacilic Ocean pelagic cla~s \% as not prorperties sislrto coint iental tills, as has heeti supgesteil hA,

iihsersed in tither ntin-Arctic histtigrams. [his line mode is Barrett 119751. the atssinptitin that the oirigitial gliinsi/c

assumed to hatec resulted frtim depositiots ol vtell-strrted cla is and dJistrihUtiotis Of glacial sedirrictits ale tinittti appealis to he
line silt. In Arctic Ocean sediments. the line mode is composetd tof incorirect. I extural aiiailtes ot till (6ross and %toraii. 197 1. I )iake.

ntirnial pelagic and glaciallk derixed linle particles that are 19711 idicate that areal and ,eifical iiariatitils in till ' laiii-/c Als-
distributed uniltirmls titer the encltosed hasin. Iti last Pacific trihutliiiti doi oLcr In additin, the relatise pilporrltis ii sandt.
Ocean pelagic clay,. the tine riode consists, only oif pelagic fine silt, and cla ', ii tills slioA great Aairiahiit\ (I lirit. 1947) 1ii pail. the
sedimern. grain-sic distrmiitutis of tills are dclui filmietd h\ tile nature ot the(

A marked depth differetice exists het\%eeii Arctic and nton- landscape: that thle glacial ICC tierrides(os anti Mownri 19711
A rctice de pisit ittml IenA i runinnis represen ted Ini the ciires t hat "se re '-t iret mpl. glacial a hiasitoi I git l em1 ilal -id s ItIIl tillts iff i

sampled. With the exceptiton ol the Southern Indian Ocean. high pi Pttplittu ttt gra\Cl- atil santl-si/et partIice (lass don1;1

Weddell Sea, and] North Atlantic sites ([:37-7. 1:12-6. and I)SI- hate till tleptsirett b\ glaCICIs thati erotic shAe int itne111StIonl(I 1iiit.

I111. the nun-Arctic cores siere corllected frotm depths less than 1947)1 INlsrrpe liutiti% 11 isl1 t V Ii 'tAI isIlSI1 lJleCis ib e)xItihiteil
1.5001 m I lic shallirscst depth froim wich an Arctic Ocean cotre S arlablc silt-cla\ isthui tis s illiisiited in I igtics 45 Otit 461

\ias taken %%ias --I .K61 m. I he non-Arctic cores wiere also coillected I tie tact thai Aiclic atid nituli- rti. Is pe I grain-si/c hi~tilgiarnIC t

frtom lcationis hecar large stories oii glacial ice intl traA hite( been 'Iiilsigts that tCcUT~irrgiil .111,1C riosttttt4sLt-s siirigasit

directlls beneath flouating iir ground ice duriing glacial aiilsances nit iieCLCssA11i\ represent fle linl-silc tlisil ilii tiition 1i.1ltceti

(tomparition oit I pe III histigramns representing sarrples frtirm glacial ice rttl setlinicto

the three ileep-Aiater. non-Arctic cotre, Aiith liistogranis horn I asi

P'acif ic Ocean setdiment samples (I ig 4s I oh pttssihle hentmipelagic

ogin I Marg' olts antI )lthers 197S) rcs altl that these setdimniits
base similar silt-claA, distributionis Ilemnipelarc setimcrits cutliit

Ail Atling prtpo, tions of pelaicI aid terresftril si~rrpofrleriS \1

Ctomrplete Iliscussion tI hcliplieitt ionerl is r hs L'J

'shepartl 1919) li sirnilrits of I Asf I'JulifI( (Lear) hniipClag!ic Cr
clais urid tI pe III stit171 ill 11s in 1 tic iep-%%alet. non-A L \lclic c a L
stigpests thait diepositioni -1 li wr d rsiitiii ntheWelie Sea.
Sotiihern Indian Osean. Intld North \tlaintic Oceiri nibi he ~
Cotrotlletd III lrt-niipelagis prTtesses otlier triir gltiiil iC-rullitig

I he poits sorivit. rn- Arclit t I indl is pc I\ sciirietis
fouindl in lior - iirftii ht shillisiA -stt.kotntiritntial shill rc-lions

if tht Roiss Sca. liellirhatiwnscri Kari itici. (urterilant "va ati
(.oill ofi Mla4. art' assiiriiCtl I- he it ise-rilteti trin Andci,ott antid . .' .' ,

others bite lsnitl uttincrnlal shtll vlaciat-rrinitc sitlineria-

Nioni in -Anturt tia I Anortlron 1902. \~nAl,-si in1t l ters. 1147, &RAIN YIZ

14-'h. K ellogg and ot hers. 1 9'tYi I hese *i hm Is I, t, pto/cthre I itec 4 A. 1 pia ilt-cle% trion %tiec hiigram repircmnting an ea~I
I ApC% fit c Antimnrtal shell glat tal -triatiric scilimcmrAit Ir hot A ls Pacific 0cean heiielagic %rdimnni (%ample Vl104.02-1I tA-I i. I his
tilhp.,iinrl pattills andt residial patrills It is inillp a11 I it t hi~tirae ms %imilar guo thirounnstttcted fint fin Arctic l~pe III Itlaciat-

virnphasiic that iiit liussltalin 511 prhaihls ipph,,o riks to nrne sedimnift
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SEDIMENT MAPS most reports for other oceans of the %%orld (for instance, the

Introduction 
summars' of M illot. 1970).

Arctic Ocean
CIa'. minerals in the marine en'.ronment are the result (it

transportation from it terrestrial source to the ocean as %%ell as I o compare the kinds and distrihution of clas- minerals in t hi
dia~weiesis at sea and in the sediment. Arctic Ocean %k.ith those of other oceans, the ripperlets centim tes

('la) minerals in marine sediment hate receised considerable of seseraf hundred central Arctic cores werec studied h\ X-ra' -

attention recentl\ because of the asailahilitN of sam ples p rosided diflf[act ion. In addition. d at a tor the shal lo%%cr. shrelf oea n of thf
by the Ghonur (halieng'.r and the D~eep Sea D~rilling P~roject, Canadian Islands and Alaska uere inctided (Her r\ and Johnrs-
Millot ( 1970) summari/ed much of the earfN. work on marine class 1966: Naidu and others, 197 1. 1972. 1974, 1975f I fiese data hase'
and concluded that differential sedimentation rates and diagenesis been compiled intii a series of cla' N -inneral surface fraps (PINs It
may be the most important factors in explaining alteration of 7) aird a elastic percent map (111. X) for the Arniraisiart Basin I Ins is
terrestrial material in the marine en\ ironmeni. (jorhunos a ( 1976) the first compilat ion for the central Arcetic Ocean
described the distribution of clas minerals in the Pacific both Apparent fronm the maps of kairfinite. fluec and Ohliirite (111% 2
geogra phica ll, and for the Mi ocene to Hitlocene i nters at. She to 4i is that the abhunfanrce patter n is si milar to thfat iot most ut the
reported ins erse changes in Miocene to Holocene ntontmuirillonite w iirlds, oceans. All three ela% miiierals arc most abhurndant in the
and chlorite abundances and mapped the Pacific dist rihut ionf of shalluiw -shelf. nearshore areas of the Alaskan coast Chlorite (11 4)
cla' minerals. Gorbuniisa shiiwed that chliorite was Concentrated has it~s greatest councent ration on) the shelses of (Orcriland anrd
along the North American, Aleutian. and Japanese coasts and w4as. Alaska ' t his prohahl refiets1 proxintit.\ to igneouius terratue front
absent in the equatorial Pacific. In the North Pacific. kaolinite was wk ftre it w&as% wear hered. l imited data are msailable for s ernticuulite
shown to be of little signifieanee These data are in harmony %kith and the mixcd-lavered clay% dtls 5 to 7), hut art interesting pattern
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Figure 49. (;eotraphic dI~rithatbon of central Arctic Ocea uraeedmnt tipri. Sample localtom% and %edinment t'.pe are Indicated h%. romtan
nnamral,. Water-depth contour Intrvalequls1 1.04m. 11.pe I %rdifmcnt domninatr% the crnt trolkon if the Alpha Cordliltra. On the miuthern flank of the
cordiflera. %edinwnt ti@ 11 and III are mofre abundant.
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along the topographically high Alpha Ridge is significant. Because continental glaciers of Gireenland and I'llesmeire Island (Schssat-

most of the clay' minerals were transported by glacial ice, a random /acher and Hunkins. 1961). Since the Concentration of sedhimnt-

pattern might he more easily explained. Diagenesis along the Alpha hearing icebergs is likelN to he higher near the source ofi glacial ice.

Ridge may have been the reason for the patterns, the rare of sedimentation of ice-ratted debris might alsobhe xpe-cted

Trhe elastic percent map (Pl. 8) showss a definite bell of coarse to increase near the ice front.

material along the Alpha Ridge. T his max' be a residual effect of 1 hies %idespread distrihutionio ubdtsi iesdrirr of the

unaltered sedimentation, whereas the to%% clastic percent in the Canada Ahxssal Plain (Campbell and ('lark. 19771 niaN explain the

Canadian Basin probably reflects masking h% the distal (anid finer) occurrence of sediment ripes 1ll and IN' in tisl region I Litrhidit%

ends of turbidites (Campbell and Clark. 1977) Alternately, the currents are responsible tor the depositriin of fine-pr,rined niateriall

eirculation pattern of' the Arctic ice pack is such that large. at high Sedimentation rates (('lar k. 197). 1I vpe Ill Sediments oft tire
sediment-laden icebergs such as 1-3 have consistently passed along Canada Ab~ssal Plain biase significantlN losset mean grain si/es.

this route and deposited a higher percentage of coarse sediment. better sorting. lisser Skew tress. lowser silt and( coarse content, and
Because of the glacial-marine nature of the sediment. the maps higher clai, content than those of the Alpha (Cordillera I his

are unique. and there are no real comparisons. Data from the cevidence Suggests that the influence oft ice-ratted silt input of the

Eurasian Basin will be of greatest comparativeC interest. Canada Ah ssal [)lain has been red uced h% ail inflUx o1 finle-
grained sediment associated %%lit iiturbid it current deposit10on

sediment dilutes the ice-ratted coarse seditrietil and results inonaadHlitr 93) erpdifu fsc fi g ad
(;EOCRAPHIC D)ISTRIBU'TION 0OF SIRI'ACE-SEDIMENT type Ill silt-clay distribution. In additiont to pelagic tine miaterial.
TYPES IN THE AR('TI( OCEAN turbidits% currents also deposit la " ers of ssetl-soritd silt oin the

Canada Abyssal ['lain (Campbell arid Clark, 1977) 1 hese sift
I he geoigraphic distribution of glacial-marine surface-sed iment layers are probably represented hN t~ pe I V histlogramsN I he t~pc IV

tv pes (I iii IV) in the central Arctic Basin is Showsn in I' igure 49. silt-claN d istributiions of Canada Abx ss.al Plaiti sitinivrirs slioss

Sediments, of t~ pes I and 11 predominate in the regiion (if the Alpha better sorting than those iot the Alpha ('orditlera arid thuos ret Icc
(Cordillera. Ihe occurrence of these sediment t pes indicates that dilutiiin of ice-rafted sediment and] pelagic cla,% s aused b% highi
the input of normal pelagic Sediment is relatisel.% loss and that ice- rates oft in put of t urhidite sit.
ratting is the major depositional process contributing sediment to 'Ihe type III sediments that predominate lit ihe ( hiUketi

this region A hxssa IPlaiti A rIiss platea u area has en ril aist ical patr a mter s
Ar the crest utl the Alpha C'ordillera. near thre eastern boundari. and relatise proportions ofl coarse-, silt-, and cla\ -sied paiticlcs

of the central Arctic Basin. ix pe I seitiments (~rurost frequlenlx . itermtiediate betwseen t hose of the C anada Ab\Nssal Plain and tfie
At tsso sites in thixarca. type IV sediments are found IDeposititn of Alpha (Cordillera. 'Ihfrecharacteristics, max\ indicateillitioti of ice-

type IV sediment requires input of at large relatise proportion of Silt ratted coarse Silt h\ influx of fitle silt arnd cla\s carried h\. tirthuitrs
In the case itt these tss o samples. the silt mode appears to he currents originatinig oin the C'hukchi Shelfl. I lie effects (if dilution

superimposed on a poorly Sorted silt-cta\ distribution similar to h\ tine turhidite material on the ('hUkcfi Ahsssa,;l P'lain ito tiot

tvpe I 'is% histogram shape suggests that the rateoir influx ot ice- Seem to he as great as for tfie (Cantada Ah\sssal Plain ('huketti

raftedt Silt was high at those tsso Sites.. thus, the medium- toi coarse- Ahyssal Plain ixpe Ill sediments arc coarser anid less wsell suitedl
si;.-si/ed 'ractnon diluted the pelagic arid glacially derived ctax' anid than their Canada Abyssal Plain counirterparts Pet haps thft input

fine silt that is (tepirsiteit more or tess tin trrrml' riser the entire rate of ice-ratted coarse Silt is greater or the rate (if Ituh ititi
ocean hin Diluitiiin of the fine traction reduces the fine modfe in depositini is flsser on thle ('hiikchn Ah%,ssal Plaiti*f'lre presencev of
the silt-cla.x histogram retatixe to the coarse-silt traction. ixpe 11 (h-inotall sediment iii this haill~ niiric. pros icet suggests
'I beret ore, the coarse modrie. composed ofi particles u nmiotditfitd b t hat d epoisitriono ice-ratted med ium ni toM arS it moi idet hi.

nmarine Currents. dotitinates, the histogram. 'I he high rtte ot influx currents iii the ssatet citliin tia\ he localls, hicass in relation iii tine

ofi ice-rafted sediment on the crest (ih the Alpha C'ordillera. priipiirion of clas - and huec-silt sied turhidire

suggested bhs the iutr renec of sedimerit t spes lanrd IV. issu ppr ted filIe taiar inf tluience iof s iiitla cci (itenii' iii g lacinmintia r

h\ the higher percentageso utSilt and corarse material shinsr for this seiiritatirun is thriiighr the dispersal of serfinieit-lauteil ichegs

area in -ngures Sf) andt SI. Muisemerr t tfire Arctic Ice Pack a nit aLcitipa t rpig glcil hen gsis
toi the isest and iiuith (ih the Alpha C'ordillera crest, the latrgel\ iteicritiert h\ surfaiccitcuflatiin paliterri I I( iii' t-c'privair

treiqienc% oft occurrence oftt spe If seiliment increases. \%title the treCuriert 01 seititicrit1 Is prs I anit If anid frigh Pi'ICCtaptes (1i Sift

percentages, itf sift and coarse material %ho it iii figures SOt andf 51 aunt ciarse grains suggest that surtfac cIt(culatiloll Pttter ifisdlpirFsi'
dcec s tIhesc ire nuts s iiggrst that t 1w relat isc pro prin nt i icc-ratted Sedienit to all areas ni the tcnina Aitcii B4asin I he
glamcial tee-rafter silt is riot asgreat lit t liiarea as ii the east I airgc presci'ck i (if 1\pe If sedtii suggests that niti-dupifi (interni,

rclatirse proporinn oft glacial tce-ratteul silt mask tire nouiictarti niuifdf the sulltela\is tithuitions itt si'nfrrtwui s'ttlrirg thirouigfh ii'
iii silt-clas iitrihittions caused h% mirt-itpih rieani.c tuitiett A %killer cirlunrt I firs sedirnictit ixpe is a ussrtie io hie ii siti', ss Inn'

ilckrcase itt the rate of input t c-aii itmfissniiratti (d) rite rate( out influx itt glacial iii' railed silt is loss enorugih toiallirm t'
sul-clas diutruhirutis tir becorme mtirie ampparernt I hu,. serf rtnenIs1 effectIs ift sseak of fiu tuuatni tnirtd-ieptin ul rents toi hi'tt rlof.ihf'

with hrridal histrgrams aii'rbe rirt mii frcituui'ntl\ MStilioiugh these nda-depth ricmnuc i iirewttiinitiihniciflh attict

A~ pouishle explaination for the suggested hipher rates iot influx s(itimctjlrou. AS it0 surfa(c c rutents. ru %t ttnianc ~tftt \i iii

of icc-rafteut silt anut coarse sentiment in the easterni poirtioin ift tire Ifir' gc~raphic utistnihiitrrr 4f srrirni'rii isP. pu trarc h, itr tf

Alpha( ('itllera max h that the present sitrrc n theitcebergs that explaineud iii terriis rut riean icrcufuirri is dur's nhei h\ ( mtachntlan

transport glacial debris acriuss the central Arctic Basin is the atnd Aaitaru I 1974i and utlrnkis andt othirs I19(m~
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itoa equare.0 mderntu intrval- or tedcimre percta se u.menht pecntg of ocu otfcoar'.e-..in par\ ticl dcreaenito h 'etad uho h

%tAligah tnl AI071 I.IHSRT(R PHI M, grain sI) ditrbtin wend deemie Ac ilt'. ltire Iiare chaacteige h'. la (iceitigex if

for191saapl~frrrcip l -1c rc%1h corstsccintisrelf ateia l, highl\&r i jo a n in i -irSitn ier less.ani ftt

Itroucto hurrelceotsrsierprwttiec~caeofte I.l n are lss meant~icl se iritiikdn hie ofag r iri t-wallons~
120.XM)-m.'areao~c \%h(:hthe ithotraigrahicunit ar alcultae fo the'e uit as ISe frent1 of re'.torNil t\f II aid I

Jeogi compar moIr glail-ard sIimn octci~dmn f cu ootf uri' ino% si.focti hin the iI

for c o9 f th~pe frm eh Il t itre phe or te ued in lii. he ofr rn\11eif the essnet Ioarriift ests( lin fola.nranifilts, -Rti-II

from the cres.t and southern flaonk of the Alpha ( irdillera in \%;ater at dlepth i file Arctic cores, is '.elI Mean \,ilijof the sIIICN11titi .
depth%. ranging from IMN) to 1.2140 m. T he eighth core %%ias taken paramecters and relatitve proportions if itaitr-si/c fratiin i o Ih-
from the northern slope of the ('hukchi Rise at a fdepth (if 1.041 i iun-ctirt sedinientl I'.pes art, iiniinaii/cdf it [I ale] 8 ( irripar11
(Cores from the Alpha (ordillcra ('hukchi Rise region ssere select- sons of the mean \lunes for sortii cIeffi( i-it. lit. rn t', Pa;jti
cii hecau..e the lithostratigraphic trame'.siirk applies hest tot the t.Ies. and meatn prain si/(i \;ei iiade heisseri iis ri r it ( f xindil

atrca fac sedimencrt I\. PCs at h Ii 05 0-1irf~ifr I. live) 11it11%~ iisr
I tii basic lithiilogies from the cresc Iidcd siltl\ lutites in shotis hat sirri n ifrtcs.orott.iii hetiw-irufis i i

units A, R 1). V. i. I. K.atf Miand aircnaceiiislujtits intiunits('.1- andifourfc seiietitf tsp,.' I, If aif IIl II fii-( Ajlh (i l
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Figure 51. Geographic variation in the relative proportion of ailt-%ized particles. Sample locaiion% are indicated by ct)%edcircle%. %ater-depthcontour
intrval equal% 1.000 m. (Contour interval for the 'iit percentage equals Il0cl. The percentage of %ilt-sired particle% decrease4 to the we~t and %outh oif the
Alpha Cordillera cest.

lera 'significant differences iii the mean sorting coefficients and dominance of rape I and tape IV sedinicritN that are heliesevd to
mean grain si/eN of dosan-core and I pe 1V' suirfacesediment Mere resujlt from relatisefa higher nf-lu\ [ates ofl cc-ratted. nieifiini to
suppesteif hs the I test I hese ditferentcs prohahia reflect sampling Coarse silt

error (fue to the small nuniher (2) oft tape I% surface 5'imples oi the I nilts A and] I are siimeaahitatiot~lu since1A11 oIres11C are'
Alpha ( ordlilfera andf are prohahla not indicatise of a. tual (fillet- predominatlsilta "1 tile units dominated ha, edimit tspesN I and
crnces in the testlural characterisic of tape IV sedintns IV I hi' occurrence oft sedinrts tvpiesetititig high utiflir rates lor

ice-ratted eoatse sill in srratigraphih units% ds'iiiedf to rtepitesru
Strafigraphic Distribution (of Sediment 1y pe% peruids (it reduced glacial ice rafting seenis citntiadictr s I his

ma\ he the result (it the thin arenaceirus lutites in units A and I fri

I he relatise priipiirtiiins of the fiiur sediment i\ pes in cat It o fact. unit I- comrnonf\ is arcruaceoiis in its uipper pair
the 13 stratiliraphit units are shiun in I ahlt 9) Althliigl none of f he silts Ionice units. It. ( . 6. atruf 1. aire donintud h\ t\ pi I
the irrits .ure ,harac roieL- h% it single sidinerir ta pe. georerl trnds se-dimrents in combinatuion %ath ithery Ispe I or lspu- MI seditt

alluisa interpretations rcgarufting the dc-pitnral irs numeo1nuts I he abserre ut silt in rspe Ill histograms implies ii losM title of inpt
r-preseitef h\ tre uits if us -rafti silt 111 l onuhirraion of sedimnit is pr-s I andu Ill i

he moist io-mon sedimtent in the cites is tape- I I his' is tlr ujnits I) aInd I suggests that 1iu tires' of Ike i-tted seulinuutut
most ahondirit in 4) of the I A strtutugrauplii Units Igeneralls \Aetic Imaser duing ieposuluiti of these units

I or units A. ( , I , I If. and . sedirrierut tapes I iard I\s art. rit unit, It arid 6i. seiment rspes, I anii 11 arc foniuratitl I h

dominanrt AWith the cxteption ut uhnits A and I . these units inc presetici of ts pe I seditlitirts ini thesw 1111ts itruplis thtii us '-iafltuiu of
arcriateuslutite esgeto hu trretslies srpent sill Mas tha-t mariovtlufpusutuotuil protcss I lit pni-sitis of i p11I
periods uit instecased vlacial uss-taftuigp is stippottel h\s fir seufumcrit suuggesis that niiuf-ifpth otcari cuittits MilltIr utiuitis
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TABLE 8. ARCTIC OCEAN 1i'.WN-CORE. SEDIIMENT TYP'ES; MEAN STATISTICAL thdt tIhe occurrenrce of doi nitnt sedliment ti pc% lia\ he exp lined
PARAMETERS AND) RELATIVE PROI ()RTIONS OF GIRAIN SIZE FRACTIONS b high rate" of ice-rafting and high usind'-dmii otcan cilii klt

- ~--------------------------intensitN. made posstblc hs at thin, less rigi AICIic i(C PJ~ Iti this
M-.n Va.'se unit, hilgh influx rates of icc-raftd coars material a ie aio

Sdiiet Mean Sot Sk indicated hN ahundant coarse gra insan td lit hit f ragmnits I bin) ice-
-- 1I In Ca,-e ilt Ci. 5  v. coser is also suggested h% the man~ but o%% II)L i %ktf ii]f

I-oianfera-rich silt% lutite indicating hugf hiotguc proifUctIutI
1 11.7 13i.2 1.2 13i.h V1 ) '.1 79

11 13.0 14.h i1.2 !3.8 45.2 1t).3 4? Di%cussion
Ill 9.9 11.1) 1.21 12.2. 41.1 48.2 14
IV 8h.1 14.7 0,.7 18.8 39q.1 24.2 1"

The relatioinships betwetn glacial. ulccanit-. and hiiliigic

Siand.,d ~ ~ ~processes and glacial-marine deposition art tiumplex. On the Alpfha
Cordillera,.siltv futites aire dominated hx textural tipes 11 and Ill

I 2.0j 2.0 0. 1 7.1 . ~Type 11 sediments represent relat is els loi rates of ice-raifted silt
11 21.4 2.1 0.2 6.7 1. 1. m influx, w~hereas the lowest rates, of influx for ice-rafted medium tol
Ill 1.7 2.2 03.1 t. I ".h t,.1

IV 2.9 I .h 0. 1 9.8 1.3 ,.o coarse silt result Ii depositton of t\ pe Ill sedlimetit In sownic silt\
----- lut i tes. ho %% e% er. g lacialI-ma ri ne sed imen t t\ pes I it nd I V occurt andt

indicate moderate to high influx rates for ice-rafted sit. I he

IAB1.1. 4. REI.ATrV iC iROi'RrION OF LACHI AR(111 iiCLAN GLACIAL- presence of sediment Ispes I and I\V Ii somc.%ilt\ lutites. it rng iskit h
N1R1- SFiIMFNT TiEP IN KA( SiS 4, EAT lAPi i( 'N IT ice-rafted pebbles and sand and abundattloltilr tests.

suggests that at relationship exists bemieen I-oranuinifera
iii 'CI,,- I I isp.. II kp's. ii I, -- IV' producti% it\ and rates of ice-ralftitig. Se% eraf aut hiir s H lintk itis and

others. 1971: Herman antd O'Neil. 1475) suggested that i thitnner.
A *7.h 14.2 1,,.2 es Aci '- i'nc iht113 oerndtunra

6s.85 1, . i1.1 less rigid ArtcOei epc ih lokamr ai ipla

I .3 12.4 12.) of sed inient-bearing icebergs acroiss the ocean and result Ii higher
1 00. 10.0 7 10 U rates of ice-rafted sediment deposition Ithintiei it-c might also

.5'. 1 00.0 011. 41.6. 1111(1 deeper penetration iif sunlight into the ocean isatet . tesuiltitng
18.1 is.1 4.i 14.

It .1.8 Im.8 00.0 1 in greater l-oramnifera productis its (('tlk. 19711
12 4 18. 149or the arenateus liitites. isliicfi arc beliecifd t0 Initidcae

K 1 L'.72-2S 111.- periods o ntcedict-'rai Ig, sed inierit I\ pes, t arid I\ doimnatc.
3 .2 17.3, 2'.0 1 i. 2 and I-oraminitfea abuntdatnces art Ilis I his mra ' idut-atethat high

M1 i 1,. 2-. 4.8 rates 13f glacial itce ratting our isMien ite tosen is thick. ssfiicli
resulIts, in lois Ii ra ii fera prodtfn t i Athotheic possi bil itsi

that lIroatnurofeta ptiiductisit\ %ias high (thlit ile) butl rests stre
great enough to itribiite medium toi ciiarst: silt plased a role ufissiilsd aifter depiisitiiiti\ bo ittiimi %aiteritiftiu e \%itfil
Pecrhaps the Art-tic Ocean ite pack %ias thin is bile units H arid G~ respect to citlrm carbonate (luknkuisI atnd others., 1471f. Ijetnianl

w~ere being depositetd: this \Aould allois high rates (if ice-raftitig anti O'Neil. 1975). A tlitd puissiilmt is that high rtte if glatcial
atnd increased stund-tfrisenti urrent %elocitues lI ii unit 6, tisl itt rated seullnit influx Ill fit' AicIt Ocean1 iCt'siu Ili ufluuluir

h\ pilt hesis is su ppior ted b\ tile ott-i rrCI1nc ill a b i ndli ill (ih I- ora mituiic a Iess h\ laitge rellt\t piulputilmis to oims
Iirartnindfrai ttest, that ttiii also itifcaite thiti ICc costE senfitnit

I tnits K. I . atid %I lire iiniisil ui thfat tIL' baseC theiit t
relalise proportion',s(of t\pe I seditriet t ITilt, K. antd % 1 mi

doittinate11d bs\ sedirtient t\PC p 1s II f Il [lir ieseic PN ifC I \t' Ill (F0(11 AP11I( DI1)1RII ION"i OfI' SH )1 % FNi 1111"ll IN
sedimet suggests thit Inlu ra 5Eites tiln wc-rlltd silti \crc los\% S*R ATI R A P11 I NITS .A ill ROI (111 %11
Relat isek high mud-depth cur rent selocuties ire uiggestekf h\ t ht
ilcttrrence oft tIpe 11 seditietit If the Artfic ILL' pack %%;as filit IDiscusion
ilurin? ifepisititi of these units,.i fkicli isoufillis \i utu-dtust'tt
cirenilalitn .- -r to ti licrle. 113 ilwilis in) the liatif ICC-rafted I he geuigraIphIut- N1110I ifitiluii oll'~t ifurriun.1nit se(iftrii'tit Is pis H)

sefiini'tuti Init...i fit iksi bl: espectkuf I it prese(tite I 1spe Ill tht I sritigrlipu ints 1INt il uus111itIteif Ill I gHles S7' tI~iucf~el (14

sif(Initl Atid ibsetr)e i f sinict I\ pt' I atii IVs sit ,gest thtat tisl 1)itiiratit std 1iiit I\ pts i.('tt' itilishi'tf tloiiell stcectmion ofilt-

\,is ritrhe cisc Anr aitrtili vxpflunaurult is 0fi,i1 thm huh lri s pt lit pl of Ist lipr's Ita\ ig t fi lifres tcinise .ibulli'flti,

ritipirtimi (il ite-rafttfd rneifuit Ili iii,1t(' silt t1iit FILL tit' ITi 11ti1iti iibscrsd filr Caih unit iti eachl cult
\'rctiL scufitructit1 units tiasks titr~I Ite fet 11f 1 iiiifCpti mi Itits file Aipfii ( iiiil'I rstut~ sioti~~fi stp, Fehni-i

ifiliuing L spt' 11 i 1pst tito units K andiif SI i itc .I itc In units A'. It. ( . I . I . 1. jirii I O'tii-tdi imiit, -Isiili

rIuftIC1f silt itifIiis OLittiutr .1 i tifk.utLuf h\ ilinitiii ts pe IlL this tspC js 11I. Ill. iani l's Stt'tt' f iiitif fist' Ihi i'tiilt111iticc I.0 1'

rtmm il Iii, rr~ kirig u'lhtr .i1i(f 1-i1.fi ttiifiiciriii I iiei i t fitcuit kmliilu iles on l( tt' si iiti l t flutnk M f nic-*infl~ .,fill mn

iisi ih itii Fiiire ippuIr-lt fi' t1iuttfurc ri i tk (if t fi-( Iliiik liI R i-, '\\uf, p I ti, if 'n ni I
t
s'fiitit rspes I\s ind f Iifiniiiim - tlt. I11 1 1 'i I ifti-tr rptc I scifi i ti-t uppcg)'i- s tliat ni.ii l~f.' v it0 i -1 -f a .'I 1f i , 11i-t

Ispi's jiufitit' .1 hqih rt 'if lit ,-tafrrif silt ititfiis, itid titi iii iti l ruetrr i - tli ,)arst -silt inillims ii,,utilc ,%i-t ii. dii, ouit it,.

ofl is.--uiutu-u silt iutrib'iimirs I rut I is 'ritlilo I ,t Fil- lits1 I) (i inmrrigfir -p..itsit df thus.' this l ', ii , .0 if-f~s ' llilt'
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Figure 52. G.eographic distribution of dominant glacial-marine Figure 55. (eographic distribution of dominant sediment types in
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used in the stratigraphic analysis are indicated by closed circles. Roman
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silty lutite layer.
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Figure 59. G;eographic distribution of dominant sediment types in Figure 62. Ceographic distribution of dominant sediment types in
lithostrati!graphic unit J1. Unit J1 is primarily an arenaceous lutite Ia.er. lithostraligraphic unit B. I nit B is primarily a silty lutite la'.er.

ISO*+ 180+ ISO+ IO.+

80.07' 807B'

_2000S 3000 0 0 -2000 3000 ~
0 OCIv 0500

RIS RISE0 /10

CHUCI4 166 IDN /10CURH/100 1/100 X/100

11/100 ex11,00 1/100

CANADA ABYSSAL PLAIN * ANADA ARYSSAL PLAIN*-

0 C0

igue 60. Geographic ditribution of dominant sediment ttpes in F-igure 63. (.e4.graphic distribution of dominant sediment tipes in
llthotratlgraphic unit K. I nit K is primmeils a silt% lutite laser. lithostratigraphir unit (.I nit Cis primarils an arenarrous lutit. laterr



STRATIGRAPHY ANT) GLACIAL-M ARINE SEDIMENt-S. CFN IRAlI. A RC lIC0OCEAN 47

i80* ISO* TABLE 10. ARCTIC OCEAN, AI.Pii CORDILLERA,. SUREAIE AND, [AWNc.'R>
*I SEDIMENT TYPiES; MEAN STATISTICAL PARAMETERS ANDJ RElA I

80 a?- PROPORTIONS OF GRAIN SIZE FRIICTII1NS

2000 3000 k. 00ci Vile

10 .0O Mean Sot le-

00 ~~Sediment Sri ort iiiss 7iis ~l i '

,P 1I-11/75--------------------- - - -

CHKIS 1/ 0V 31 e/100 1 11.7 13.3 1.2 13.7 4)1u. i,
RIS 1 13.4 1 5.10 1.2 14.7 4714 1,. 7'

1/I100 11/100 11-111/RH II1 9.0 12.2 1 .3 1 2.9 4(1.6 4 1.
H1/100 IV' 1b.N1 14.8 (0.7 17.1 'S 11 I

CANADA ABYSSAL PLAIN--- -- --- -- --- -- --

110 1X AGOStandard Dleviations

16 ,01-----2.)) 2. -0 111 7.1 7. .
It 2.8 2.3 0. 2 7. 3 Al. 7.-

Figure 64. (;eographic distribution of dominant sediment ty.pes in IV 3.6 1.9 114 8.1' I.i
lithostratigraphic unit M. Unit M is primarily a silty lue Ia~er.

have been descrihed as lirenaceotls lutites (C. I, . 1.) or jiltv lutite and coarse material nmas make occurrence,, of type 11 sediment

containing arenaceous lutite layers (A), the geographic dominance more apparent in silt\ liltiteN.
of' type I sediment seems to support the theory that arenaceous Some evidence in at few Units (A, B, I ) indicates at trend tosward
lutiteN represent periods of increased glacial ice rafting. No con- lower input rates (or ice-rafted medium to coarse sill and increased
sistent geographic trends in the occurrence of'sediment types 11, 1ll, modifications of those sediments b\ mid-depth ocean currenlts in
and IV were evident in these units, although the location% domin- deeper water. No definite geographic pattern wais libsersed in t heir
ated by sediment types 11 and Ill in units A. B. and I. tend to he distributions, howexer (Figs. 52 through 64). [bhe absence of
restricted to deeper waters: this suggests lower influx rates for consistently occurring geographic distribution patterins suggests
medium to coarse silt and more effective modification of ice-rafted that conditions governing deposition of glactal-Illarmne sediment
.silt distributions at depth. were generally' unif'orm over the studs areat.

Sediment type, 'l and [if appear as the dominant sediments on Table 10 summariies the mean statistical parameters and
the Alpha Cordillera in units D, G. I, K. and M. No consistent relative proportions of grain-si/c fractions for Alpha Cordillera
geographic patterns were seen in the distribution of sediment types surface and down-core sediment types. Aby ssal plain sediments
for these Units. IThe dominance olsediment types 11 and 111 suggests% were excluded from this analysis because their textural character-
that influx rates of" ice-rafted medium to coarse silt were lower isties are influenced by lurbidity-current deposition.
dluring deposition of these units. Lower rates of ice-rafted silt influx
result in deposition of type 111 sediment and may reduce masking of
silt-clay distribution modifications by poorly sorted coarse L.ATE CENOZOIC PA I.EO('IMATOLOGY
material:' theref'ore, the occutrrene of type If sediment becomes
more apparent. Because units D. G. I. K and M are sill\ lutites. the Introduction
occurrence of sediment types, 11 and 111 in these units supports the
hypothesis that silty lu tite layers represent periods of decreased ice- ['he sedimentologic and 51 ratigraphic data flt I1-3 cores
rafting. Occurrence of sediment types 11 and Ill in ulnit H, an convince uis that the dominant process of sceirrieruation Ill the
arenaceous lutite. seems somewhat anomalous. Thbis may be the central Arctic since the late Miocene hats been ice-rafting. Relating
result of unintentional sampling of somec of the ver\ thin silt\ lutile limes of Itncreased or decreased ice-rafting in t he cenit a I Arctic to
su buni Is contained within tinit H. The sutleI changes co nst itting lowe r-lat itutde pa leocIi mat ologv hats beeni more difflicutlt
subunit boundaries were not considered dttring the sampling Major periods of central Arctic glaciation probahl\ ssetc
process. accompanied bN inters ;is of cooler climate inll uc IO Ialt ile%.

F'lossever. minor periods (i glacial growth ii tile central Arctic iilai
Summary not hake been recorded in the losser latitudes. I(or example, glacial

ice rafting is eo mmon ill tbe modetlrn Arctic ( cectn. blit lisser

'[he stratigraphic distribution of sediment types 1. 11. HI1. and IV latitudes do noit reflect Ibis activ it% to the same extent as, tie nmajtor
in the Arctic cores suippo~rt% the hypothesis that deposition of periods oft Arctic ciooling base been recorded.

-entral Arctic arenaceous and silty lutites reflects variations in In the central Arctic wse identify six major /iineN ofl increasedl
intensity of ice-rafting. Arenaceous futite units (C. IF. 11. .1) usually ice-rafting dturing tfle past 1.2 mv.the intcrsal for %%hich mrost
are dominated hy type I se'Iimcnt, which is assumed to reflect comparative lower-latitude data are asallable (Fig 65) I hcse
relatively high influx rates of ice-rafted medium to coarse silt. The intervals of increased ice-rafting are associated with alenraceous
dominance of type Ill glacial-marine sediment in the silty lutite lutile units and pink-sshite lavers
units M .1.F .K )sget eaieylw rates olf input Arenaceous lutites are present in the older parts (it tile 1 -3 cores

of medium to coarse silt. In addition. low rattes ilf ice-rafting of silt as well, and in unit% C. U and Hi in particular (the losser. midldle.
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and Vollln. Figure modified from larton (1975). See te t for discussion. divcuion.



GLACIAL

0 CHRONOLOGY
__ BERGONENS,

I- _i~l vnCOUVERING
LU (1974)

M~ 2 = WISC. WURM
10 M- .

20- -02 TYPE

30- 0.ALT

40-J

150.

60 -. 5

70--.

907

- J 2 .3 II GUNZ I I

100- J
J109- KANSAN G N

110-

120- .

130--.

14- 1 1.

Figture "6. (o.mparl...n of lime.. (of increa..ed Arctic ice-raflingw''ilh the area.. indicate period%. (if glaciat ion and /or incrra.ed ice-raflingi. l[a.hed
glacial chronologi .uggem.ed hi Rerggren and 1,an ( ou'. ering 4 1974. F ig. line%. indicate approlimate aRe%. s. t-.ntacl. ma'. he gradational and or
14. p. 1441. Black indicate%. normal polarili. /one. with diagoinal line.. poorl'. defined.
repre..ent period, of inlerglacial and oir reduced glacial ice-rafling. %%hbire
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and tipper coarse units) and must represent the same activity.
Howeioer. most comparative data. paruicularliv those of ossgcn- 0 ~O PDB (o/o)
isotope stratigraph%. appear best defined hir only the interval
represented in the Arctic cores hN units I through M. T-he centralIII
Arctic data can he compared ito both the qualitative temperature
curses (for example, Fricson and Wollin. 1969: Ruddiman. 1971: 0OL"O0(J'O
Briskin and Berggren. 1974). and oxygen-isotOpe stratigraphy
tI'miliani. 1966, 1972: Shackleton and ()pdivke, 1973. 1976). M 0111111 -

M -6
Qualitatie Paleotempeirture 

m il N-
Fricson and Wollin (1 968). using cores from the equatorial (f) 1111

North Atlantic. derived a pakeotemperature curve based ton the W -1
presence or absence of Glotreialia ,,wnardii for the past 2.0 mv. Z: L
Figure 658 illustrates the comparison of Arctic arenaceous lutites z -12
and pink-white layers with increased glacial ice rafting. OfDL

particular note is the correlation of Arctic /ones I I and M2 withW 1
Ericson and Wollin's /one% U and Y, respectively. CRuddiman (1971)l constructed a paleotemperature cur% e based -It

on variatioins in totail Fo raminifera fauna lbr the past 2.0 m.N. 1
These data are derived from sexeral core,, from the equatorialK
North Atlantic. A comparison ol Arctic /ones of increased glacial
ice rafting with this paleotemperature curse is illustrated in Q-
Figure 65C. There is an apparent correlation (it Arctic lone .12 withJ-2
the low-temperat tire ,one between -0.75 and 0.9 my... Arctic /oine _jj J
I I seems to correlate with most of the Itiw-temperature /onej

prtibablyi is equivalent ito Arctic /tine M2. 'I his cujrse is inmptirtant

becamie it is similar to several oither curses dleried for the

Caribbean and North Atlantic lRuddiman. 1971: Berggr~n and %an
('tusering. 1974).I

Briskin and Berggren (1974) used quantitatise changes in tllthlI
F-traminifera fauna to develtip a paletitemperat tire curse for the
equatorial North Atlantic. A comparison between Arctic /ones tif

increased ice-rafting and this paleotempcrattire curse is given in >_
Figure 651). Arctic /tines 11, .11. and .12 ctirrelate with a general D H
/one of low temperature between A).96 and 1.23 m.Y In particular.
Arctic /ones I I and 311 correlate with the temperature minima at

-1. 1 and 0.95 mv., respectisell. I he temperature minima between G
(Y.42 and 0.65 mv. seem ito correlate with the ltiwer portitin til
Arctic ione I.). the oungest temperature /one is prtibahls
equivalent it) Aretic /one M2.

Comparison between Arctic /ines tif increased ice-ralling and>
the three qualitative paleoitemperature curses shows at relattinhipF
between increased ice-rafting in the Arctic and periods, of0
relatively cooler climate at lower latitudes. [ his ctirrelation
supports the assumptimn that Arctic uiones of increased tee-rafting0
are related to perids tif moire intensive glaciatP ff.

A cbronologN based tin botb marine and continental sequecnces

for the late Neiigene climatic event wsas priiposed h%. fierggrcn i-nd E
Van (tiuvering (1474). Arctic /one% oft increased ice-rafling are
compared with North American and Alpine peritids, oi glaciaition
las interpreted hy Hergyren and Van titiering. 1974) in Figure 66
Although I igurc 66 could be interpreted tii show ctirrelatioin iire 67. limies oul increased ice-raing in urninat Arctic Ocean (.M

het~en tins o inreasd ie-rftig (rcnacot% Mle% corse M I . J.3 Jr. I ) and correlaion with tooo* ien-isuutupe %traligraphs and
beteentons if icresedicerafinglarnactuo luite. cars teciation~o(2. .3 it) 22tu1ororel 211.12.l9uufharkletuun and Otidiker(1976j1

pink-white lasers? and periiids of) continentA glaciation. such Older timeo of increased central A~rctic ice-rafting (during I.,I Ilohooo trwok
cnrrelation us weakened because oif the pooir definition ofti etn(Punced correlation% with uuifen-istuttpe rcursin%.
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continental glacial stages. Instead. we think that it is important to CONCLUSIONS
note the more positive marine correlations with oxygen-isotope
stratigraphy. The study of the 1-3 cores substantiates the following:

I. Correlation of thin (commonly • 5 cm) sedimentological
units is possible in cores that are 600 km apart.

Oxygen-Isotope Stratigraphy 2. Sedimentation of the silty lutite sediments occurred at a ,.er
low rate, averaging -0.5 mm I.(H) yr. Silty lutites makes up most

Several papers have defined an oxygen-isotope stratigraph. for of the cores below the Matusama-(Gauss resersal, which suggests
marine sediments in lower latitudes (Emiliano. 1966. 1972 that sedimentation rates were low for most of the Pliocene.
Shackleton and Opdyke, 1973, 1976, Shackleton and Kennett. 3. Sedimentation of the arenaceous lutite was at a much
1975). The work of Shackleton and colleagues provides oxygen- higher rate. probably 2.0 mm 1.0) Nr, and possibly much
isotope data on a magnetic stratigraphy baseline. This is important greater.
for our Arctic work for which the magnetic stratigraph. also is 4. '1 he approximate ages of the base of the "key" arenaceOus
asailable. Ihus, direct comparison of our lithostratigraphic units, lutite units W. F. and 14) are 2.91 ms.... 1.92 m.y., and 1.17 ni..
including intersals of increased ice-rafting, magnetic stratigraphy, respectively.
and oxygen-isotope stratigraphy of the lower latitudes (Fig. 67). is 5. The oldest ice-rafted pebble found is in Miocene sediment
possible. The older units of increased ice-rafting in the central (Normal Interval 5) and was dated at -5.26 m. by extrapolation
Arctic (units C', F. and H) are not dramatically represented by from the Gilbert Fpoch 5 resersal. Paleomagnetics and
oxygen-isotope data. All of the KO excursions for lower latitudes sedimentation rates suggest that the oldest sediment recovered has
are of less magnitudeduringearlyand middle Matuyama time (-2.4 a maximum age of 5.62 m.N.
to 1.4 m y.). 11. in pre-Jaramillo time, correlates with an '10 6. The arenaceous lutite is predominantly the result of an ice-
excursion of about the same magnitude as those of units C. U, and rafting mechanism. [his mechanism operated at a greater rate or
H. J I. in mid-Jaramillo time, correlates with an unnumbered 1(0 with more intensity in the late Pliocene Pleistoccne than in the late
excursion, but J2 shows excellent correlation with glaciation 22, Miocene earls Pliocene.
which is the earliest glaciation of duration and intensity in both A major portion of silts lutite also was deposited by an ice-
V29-239 and V28-239. The next major oxygen-isotope recorded rafting mechanism. Authigenic. hiogenic. and pelagic conttiiho-
glaciation (16) may correlate with an increase in arenaceous texture tions were probably important.
in the upper part of unit K, but 1.1. representing a major time of 7. Based on differences in silt-clay histogram shapes, lour t, pcs
central Arctic ice-rafting. may he recorded as oxygen-isotope units of central Arctic Basin glacial-marine sediment can be identified
10 through 16. M I shows less positive correlation but probably is Comparisons of the mean value of statistical parameters descrihing
represented by part,, of glaciation 6 and 9. M2 correlates with the histograms indicated that the lour histograrn tpc, are
glaciation 2. significantly different.

Because the esidence shows that ice-rafting was a continuous 9. I he sediment types represented by the silt-clax histiogams
process in the central Arctic. it is possible to correlate arenaceous reflect sariations in ensironmental factors that intlutnce

intersals with most ol the ox. gen-isotope defined glaciations. The deposition of glacial-marine sediment.
best correlations (for example. M2 with 2, 1.1 with 10 through 14. 9. Ice-rafting appears to hase been the doiminant nechanisn
.12 with 221 are those of most-pronounced Arctic ice-ralting with contributing sediment ito the Alpha Coidillera. I Ilis conclusion is
significant ''IO excursions. based on the distribution of sediment types in the Arctic Ocean

If the oxygen-isotope stratigraphy is refined for the interval 1.2 surface and dow n-core samples In deeper-watet errs ii onncni,.
to 5 m N.. additional corref:ltions with ice and central Arctic ice- such as the (anada and (Chnkchi Ahbs,,al plains,. ice-rafting occui%
ratting (W. . H'l) is possible. but is masked b, turbidite deposition

10 1 he stratigraphic distributions of the lfoi I\ pcs of Aictic

()ccan glacial-marie ,ethiment support the hpothc.t, that

Summary irenaceous hltitc represents periods of in'cacsed ice-rafting and
silt.\ lutite c.pitsents peri ods oI reduced ice-tafiling

(larlk,. itt-ratting %as the dominant ,eifhmentological process I I |he central Arctic Ocean record is unique h indicite, nMic
ifiing the past 5 m \ III the central Arctic Ocean I (ocr-latitude or ltss contlinuouN ice-rafting for tei last S in \ . i i irg %%hil h
marine scquences ,houhl he expected to sliiow more clearly altrittcniting glacial Mid interglaial cI rihnIte affectd the Ieflnltinl

pronoiiriclcd climatit sequences alternatels between glacial inf record of lowet-latitidi' oceans ()\\grn-isiopc ictlni d
noglactral c lmae \%te whi lehc the ecosered Arctic had continuos ice- glacial s .a a corlcte with tilvo f tite n e'Vld ItI" lnafin ill tilt

ralling N rclic Ocean
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APPENDIX IB. SURFACE SAMPLES FRO14 CORE TOPS USED FOR
APPENDIX IA. LOCATION, TOTAL LENRGTH, AND WATER DEPTH OF TEXTURAL STUDIES 1N ADDITION TO CORES

CORES, STUDIED IN DETAIL LISTE) IN APPENDIX IA

Water Water
Core Lat. LonS. depth Length Smple No. Lat. Long. depthNo. Log. det Lengt core-aegment-...ple (t

4.(in) (cm)

FL 19 83:03.43' 162-49.13' 3417 277 17-09-1 82"58.99' 159'04.22' 2215
FL 212 8029.59: 159:37.96' 3642 339 23-18-1 83"02.09' 163"00.39' 3748

F. 214 8017.43' 15930.94 3021 335 24-18-1 82"23.02' 162"06.52' 3743
FL 215 80"17.25' 159*25.23' 3043 320 28-18-1 80'47.93' 140'21.83' 3708
FL 216 80:23.69' 157:41.59' 3576 272 29-16-1 80"29.56' 139"48.16' 3709
FL 218 80 41.03' 158"21.83 3654 213 32-13-1 80"58.08' 136"13.01' 3698
FL 221 80*32.98' 159"38.89' 3638 493 34-16-1 80"47.41' 136"54.82' 3675
FL 222 80"29.05' 159'12.69' 3633 450 37-13-1 80"40.97' 137"12.79' 3680
FL 223 80"28.35' 159"06.16' 3616 330 39-10-1 80*21.88' 136"46.51' 3680

FL 224 80"27.74' 158"48.81' 3467 554 43-08-1 80"32,58' 134"23.56' 1632
FL 225 80'29.63' 158'42.84' 3610 495 50-14-1 80'31.94' 135"41.72' 3658
FL 227 80"50.09' 158'25.18' 3641 335 54-10-0 76'34.87' 138"06.65' 3605
FL 228 80'49.25' 158"49.43' 3632 342 63-07-1 76"12.85' 142'02.91' 3707

FL 268 83"16.32' 152'58.48' 3062 348 65-15-1 75"33.23' 141"44.21' 3709
FL 269 83"14.31' 153'13.96' 3097 302 66-16-1 75"28.28' 141"14.OO' 3703
FL 270 83"11.18' 154"00.77' 3280 351 69-13-T 75"35.23' 140"29.34' 3690
FL 271 83"10.67' 153*53.54' 3254 356 70-05-1 75"44.01' 140"42.47' 3709
FL 272 83*11.82' 152"56.24' 2384 246 73-06-1 75"56.04' 139"41.99' 3703
FL 273 83'12.30' 152*56.42' 2323 267 75-08-1 75"52.54' 139"03.04' 36,78

FL 275 83*30.23' 149"58.64' 2884 328 76-15-1 75"32.74' 139"22.79' 3668

FL 277 83'34.55' 149*26.45' 2871 356 77-14-1 75'23.20' 139"50.02' 3681
FL 278 83°36.40' 149°08.10' 2725 312 79-IS-1 7,"23.25' 147."14.90' 3681
FL 280 83*51.84' 148*22.73' 2639 323 83-12-1 75"23.68' ] 56"02.43' 2234
FL 283 83*48.06' 146"12.65' 2639 267 87-19-1 75"18.49' 156"07.18' 2903
FL 285 83*48.51' 145*27.90

'  
2653 349 89-20-1 75*38.49 151"08.51' 3802

FL 286 84'00.84' 144*02.17' 2316 343 90-20-1 76'59.42' 170°02.33' 2218

FL 287 84*05.19' 144'01.15' 2430 305 92-18-T 77"38.20' 174"43.62' 2078
FL 288 84%11.23' 144'28.42' 2414 348 94-18-I 77"53.03' 175"51 .b' 1611
FL 289 84'14.69' 144'16.97' 2357 196 98-18-T 77'43.84' 175*00.21' 1929

FL 292 84"18.28' 143"41.02' 2330 277 100-18-I 77"39.40' 17423.50' 2099
FL 293 84"25.00' 143*04.57' 2058 209 115-17-1 78*04.26' 174'49.53' 1,03
FL 295 84'57.40' 145"30.63' 2214 315 116-16-T 78005.38' 174'48.49' 1570
FL 297 84-53.53' 143010.03' 2223 295 122-16-1 78"08.05' 174"22.85' 1837
Fl. 300 85"18.53' 144"02.85' 2082 305 12',-17-T 7816.1' 7'2 .60' 1288
FL 301 85"18.95' 143"36.00' 2100 338 129-17-T 78'34.11' 175°54.80' 1453
rt. 308 85*30.27' 143"08.18' 2252 330 133-19-1 78*29.13' 176"14.29' 1222
FL 311 85"41.93' 142"21.15' 2332 326 140-19-1 78*36.93' 176'24.40' 1565
FL 314 85"27.00' 139"23.54' 1927 335 153-18-1 78'40.99' 175*1.16 ' 1835

Ff. 116 85"08.72' 138"13.91' 1785 345 165-18-T 78'48.014' 176"O8.01' 1490
Fl. 318 84*57.73' 136*13.15' 1982 345 182-12-1 78*56.61 ' 7'05.61 109,9
FL 322 84"27.00' 135018.33' 2446 277 187-13-1 79"33.31 1 171"39.64' 2408

FL 326 84*12.89' 135*41.40' 2653 340 193-17-I 90*01.34' 174*0.55' 17,3

FL 331 84'16.02* 134,37.65' 2659 148 196-21-1 8 I.9' 1 71 V1.29' 7 727
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APPENDIX 1C. VALDERS TILL SAMPLES. EASTERN

WISCONSIN (PRINCIPALLY A TILL-

SHEET DEPOSITED DURING A GLACIAL
ADVANCE)

APPENDIX IE. NON-ARCTIC SEDIMENT CORES

Smple Tier Range Section Quarter

Water Core
001 22N 23E 12 NENESW Core Site Lat. Long. depth length
002 18 22 10 NWNW (a) (W)
003 18 24 7 SESEIM

004 17 23 11 SESENE005 17 23 11 SWSWSE Deep-Sea Drilling Project cores

006 16 23 10 Ili North Atlantic 50'25.57'N 46'22.05'W 1797 74.0
007 16 23 10 SWSESE 182 Gulf of Alaska 57*52.96'N 148*42.99*W 1411 11.5

008 16 23 34 NENWNE 346 Greenland Sea 6953.35'N 841.14'W 732 120.4
009 22 24 30 NlSWNW J
010 19 22 23 SERENE USNS ELTANIN core.
011 19 23 18 SWNESE 12-6 Weddell Sea 65'08.6' S 47°07.3

' 
W 4115 6.45

012 19 22 13 SESU NW 27-12 Roa. Sea 77°14.0' S Ib9'04.3' W 929 5.01

013 19 24 32 SESESW 37-7 Southern Indian 65'01.1' S 144°57.2
' 
E 3155 11.98

O14 18 23 3 NEOcWSE015 Ocean
1 919 2 2 32 SWSWNE 42-9 BellInghausen 69°59.40'S 80°24.01 W '67 5.65119 20 19 31 NESWNESe

126 18 19 6 NENENE

USNS NORTI IND -re

110 Kara Sea 81°14.8
'  
N 79-%2. O

'  
20 3 .87

115 Kara Sea 8135.5 N 67'32.0
' 

k 567 .6

APPENDIX 2. AVERAGES AND RANES IN VALUES (IF

APPENDIX 1D. EAST PACIFIC OCEAN SEDIMENT CORES (SAMPLES AT THE WEIGHT PERCENT OP THE SAND

UNIVERSITY OF WISCONSIN) SIZE FRACTION (-61 MICRONS) FOR
SELECTED CORES

Cruise-station-core at. long. Depth Sediment Type Nunber of Average Range
(N) (W) U I I

7401-10-FFCI2 19*40
'  

132*00' 5100 a pe la. lay KU 18.2 12
7.02-12-FFC12a 30*43

'  
11943

'  
4100 pelag. ,lay MU 5 9.3 I to 2

1402-13A-FF l 16"00' 12001 4210 Scalpel. (clay
7401-008-FFC9 11*001 14000' 4850 al. ooe ML 20.2 12 t 3.

7402-14B-BOX3 04°32
'  

140'21 ' 4392 stl. ooze- 1. % Z5.7 ;i I
K 1',.3 10 t o 1
-it, 21.4 12 (, 2 9

* tll t, ,gra ,fI Figure 4 ). iL 21.1 I , .. 3
'1 2, .4 6 1, ,

1', 1496.I # t,. 41)

Hd 24 7.k 4 i,
N8 .2 'I., I, i,. 2'7
Hb 14 . i 0.
Ha I 1 .'P 2'1 l,
H. , 2 . . ,,

A 2)

A ./t 'II 2 , I I

,u .) .

' , ,, 2r tI ,. i ) , I ,. :,) 2 I .. 2

A' -I, I':

- it r,.),tr 7, A.,, R .t~ n, ,.,n , 1 ,

unit A.
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APPENDIX 3. THIN-SECTION M1ODM. ANALYSIS OF CENTRAL ARCTIC OCEIAN 3TRATIGRAI'HIC APPENDIX 3 GI~oitIrl
UNITS

Sm ,1, Quartz- IItchir D ttl Foru Opaqur Cukn-t S.l I uart. Oltb Derltal Fl Op3.uqu- 76

amlo15. Pdnpar tr&-ets. Ca
0
3 tests (Pe4n) IfIldspar tualt CuCoIj et IFeltt,

Loser part of unit A ult 31.

3:1-f- 66.0 6.1 0 .8 0.3 20. 1 60247 4. 08 1. .

.81-)-4 34.,j 8.0 0.4 0.o 218 3. 28b-I b 8.1 00I 14 .. 04

4.10- 1- 9.1 .% 0.8 0. 0 4.0 7.-7 4 t0-10 345
Avr 6.2 76 0 .6 I7 131 92 Aurrge 02.,84

Cpprr patrt .6 unit A
44.-1-7 0.0 0.6 41.4 1 Cr11t II.

.81-3- 0. .8 0. 0. 72214-72.
I1-- 0. 0. 25. ,. 20.l 921I9I

OAorra 49gr 0. 4 0 .4 13 .3 6. 7 90,
Ao--o- 82.. 0. 2 1

Arm.,,un -rLi-n ,f dolt A
81- 99. ).13 0.0 2. . C1

17286 :8 6. 03.6 o1.'] 2. 15 22- - 59.1'

.00-1 0.1 0. 2.8m 4.4 b7--l 7.2
9.'s 4 00 2.6 1.3 M1-s-Il 6H.9

.09--7 01.8

'IS-4- 3.8 09 1. 1 Aut-ug.- 63.9 1

.81-0- I' 0 0. 13.7 3.? :4

Avirine 07.2 723 11 0.4 11j.9 S.4 228II . .3 .,

C'rrpl.3 .3 C 317-0-27 2 o .

.21-8 ~ I0 IS '.0 ,3, 2.3 5.03 019-S-21 04 7. 3

Lpp- putt MI ul tI .711h PW 70

4. 1I 13 0 .1 ,7,-:."I" 11
Upr pr IiI C. .. 1 171, 30 41 '2 -

.2In I12 07 21 11 .' 3854' 233.3 ;t .

. n o - , , 0 . 2 2 .30 .3 3.3 7. 0 .04 8 . 7 1 . 3 . I t . 3.I t2 
.

4331-7 77.' ~~~~~11. 9. . . .7'(.4 7. 20 7' .

409-12-4 01,I,

3011343'~-2-2 .. 0 -

>11-7.-I 17. 748 13 11 2 '.

08.2 ItI 3

oA P37-31. 10.

.74-,? 49. 27.0 -'7.9 1.9 .0 4. 4l I~ 00.

29 1- -1d 70.? 7I. I33 I 1 3-7-. '33 7,0
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Plate I. Index map showing location of the samples used in the mineralogic and textural data taken from X-ray diffraction data us
compilations that follow on Plates 2 to 3. All central Arctic Ocean point% are T-1 cores for eXample, No. continental %helf data have been recalcu
1-467). The points along the continental shelf east to the Canadian Arctic (letters followed by numbers and others (1954). Thi reultl% in uniform
and number% followed by letters) are from Berry and Johns (1966). Biscaye (1965), Naidu and others different workers. lhis mean, that thec
(1971), Naidu and others (1974). Naidu and Sharma (1972). Naidu and Mowatt (1975), and the NOAA because of difficulties in converting data
Computer Printout of Arctic Ocean Sediment (;rain Size Data. Mineralogic data for the maps were
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